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PREFACE. TO SECOND EDITION 

.5*1118, the second edition' Pr»«foss Telegraphy, has 
^jteen rjwised and co^iderably enlarged and now covers 
the most modem practice. In making the revision, 
the Author has had chiefly in inind the needs of sea- 
faring operators and of students preparing for the 
Postmaster-General’s certificate in Radio-Telegraphy. 
The earlier parts of the book have been amplified, 
forty-seven diagrams have been added, the section 
dealing with the Marconi Company’s system has been 
considerably extended, and a glossary, which it is 
hoped will prove a useful feature, has been included. 
The Author gratefully acknowledges the hospitable 
reception of the first edition, the constant demand for 
which necessitated several reprints. 

To the gentlemen who so kindly gave assistance in 
the preparation of the first edition, thanks are again 
tendered, as also to Mr. F. Furness for permission to 
photograph certain pieces of apparatus in his possession. 


WiLMSLOW, 

Cheshire. 

1919. 
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ELECTRIC OSCILLATIONS AND WAVES 

Introductory — Condenser — Inductance — Eiectric Oscillations 
— Electric Waves — Resonance 

In Hertzian-wave or Radio-Telegraphy we are con- 
cerned with operations carried on in an infinitely 
tenuous medium termed the aether, which fills all space 
and permeates all matter. In order that a wave-motion 
may be set up in any medium it is necessary that it 
should be endowed with elasticity — ^that is to say, with 
the ability to restore itself to its former condition after 
any force which causes a strain or distortion in it is 
withdrawn. Also it should possess inertia. As is well 
known, sound is due to a disturbance in the air, and if, 
say, a tuning-fork is caused to vibrate, the air in its 
neighbourhood will be carved into waves of alternate 
compression and rarefaction which will travel outward 
from the source at a rate depending on the ratio of 
the square root of the elasticity of the medium to its 
density ; in the case of air at atmospheric pressure the 
waves travel at a speed of about 1,090 ft. per second. 

The distance between one place of maximum com- 
pression and the next is termed the wave-length of the 
sound, and is determined by the rate at which the 
source of the sound vibrates and on the velocity with 
wliich the disturbance is transmitted through the 
medium. * 


l-~(5092) 
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Suppose that we had two 4^ning-forks, one emitting 
a high note, the other a low note, if the forks are kept 
in vibration for the same length of time, say one 
second, the sound-waves from each source will havd 
travelled the same distance, but, ^ fork emitting the 
high note vibrates much quicker than the fork emitting 
the low note, therefore it must generate more waves 
and the length of each wave must be shorter. The 
length of the waves can be found by dividing the 



Fig. 1. 

Dnttfd lines— electric component, 
t'ommuous lines— magnetic component. 

velocity of propagation by the frequency with which 
the source of the sound vibrates. Just as a vibrating 
mechanical bodj^ such as a tuning-fork, sets up sound- 
waves in the air, so will electrical vibrations in a circuit 
set up waves in the aether. The vibration of particles 
producing sound-waves consists of a to-and-fro move- 
ment in the direction of propagation, but the aether 
is not competent to sustain a wave-motion of this kind. 
In the case of aether-waves the medium is displaced in 
a direction at right angles to the direction of propaga- 
tion, and the electric and magnetic components of 
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which they are made up ere also at right angles to each 
other and to the direction of propagation (Fig. 1). 
The aether-waves used in wireless telegraphy are pro- 
'duced by the charging and discharging of a condenser, 
and we shall now consider the means adopted for their 
production. 


Condensers 

A condenser consists essentially of two conducting 
surfaces separated by an insulating material. The 
conducting surfaces are known as the plates of the 
condenser and the insulating material as the dielectric 
of the condenser. If such an arrangement be con- 
nected to a source of current, for example a battery 
of cells, an electro-static strain will be set up in the 
dielectric medium between the plates, and, if the 
plates are free to do so, they 
will attract each other and come ^ 
together just as if they were 
connected by stretched india- Fig- -■ 

rubber bands. Fig. 2 shows the Showing direction of lines 
closely adjacent plates of a con- condenser!” ‘^**'“^*®** 
denser with the lines of force 
between them. These linos of force will continue to 
exist after the withdrawal of the charging battery, 
and the condenser is then said to be charged. If the 
plates of the condenser are connected by a conductor, 
a momentary current will flow through it and the lines 
of force will collapse, and the condenser is then 
discharged. 

The capacity of a condenser is equal to the quantity 
of electricity required to raise its potential to unity. 


TT' I 1 1 1 I ITni 
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thus, if 1 unit of electricity raises its pot. ntial to 1, 
its ca^c|ty is 1. 

.A glance at Fig. 3 will pciliaps make the matter 
plain. Suf^se we have two glass vessels, tlie diameter 
of one, large compared with the diameter of the other, 
and of infinite height, and sujJjwse the .vessels liave a 
graduated scale engraved on them, as, for instance, a 



Fig. 3. 


tnedicine-glass. As the height of the jars is infinite 
we cannot measure their capac^ by the quantity of 
hquid which they will hold, bc<Muse we can never fill 
them; but if we now pour liquid into both vessels and 
note the quantity required to raise the level one scale 
division in each case, we can- say that in the first case 
the vessd has a capacity of 1, because tmit quantity 
of liquid has raised the water level to 1, and in the 
second case we could, if it required 2 units of liquid 'to 
raise the level to 1, say that it bad a capacity of 2. 
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The capacity of a cotylenser depends on the area of 
the opposing surfaces, on the distance between them, 
and on th(> nature of the dielectric. The capacity of 
‘a condenser with air as dielectric, providing the dis- 
tance between the plates is very small compared with 
their area, can be found from the following formula^ 



where S = surface of plates, v = 3T416, t — 
thickness of dielectric, and k — dielectric constant. 

From this it will be seen that the capacity yaiiies 
dir^ly as the area of the plates, and inver^y as the 
thickness of the dielectyric or distance betw^n the 
plates. . • 

Suppose now we had two condensers, the size of the 
plates and the distance between them being the same 
in both cases. If the space between the plates of one 
of them were filled by the insertion of a sheet of glass, 
we should find, if we measured the capacity in both 
cases, that the condenser with the glass dielectric had 
a much greater capacity than the condenser .whose di- 
electric was air. This is due to the fact that the van- 
ous insulating substances, such as glass, hard rubber, 
paraffin wax, etc., permit electro-static action to take 
place across them ifi varying degree. The ratio be- 
tween the capacity of a condenser with a dielectric 
other than air and one which has an air dielectric, is 
known as the specific inductive capacity of the material, 
and to make use of the above formula to calculate the 
capacity of a condenser, we must first know the specific 
inductive capacity of the material used as dielectric. 
The dielectric constant of air is’ 1, and in j^e chapter 
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on measuruincnts will, be ft^uiul a tabk- givinj; tlu- 
dielectric constants for materials most frequently usi*d 
in the manufacture of condensers. It should be noted, 
however, that the dielectric constant varies enormously 
for different specimens of the same material . and there- 
fore the use of the formula is practicallv rrstricted to 
air condensers. * 


Arrangements of Condensers 


Fiu. 4. 

Corulcn.scT> coniu'cictl in parallel. 


Condensers may be arranged in two ways — ^in 
parallel or in series. Fig. 4 shows a number of con- 
densers arranged in par- 
allel. The total capacity 
when they are so con-‘ 
nected is the sum of the 
separate capacities : for 
instance, supposing each 
<»f the condensers to have 
a capacity of 5 micro- 
farad--, the total capacity 
will be 15 mfds. Fig. 5 shows a numb<-r of condensers 
arranged in series. The 
total ^i^acity in this 
case will be eciual to 
the reciprocal of the 
sum of the reciprocals 
of the capacities, and 
will always be smaller 
than the smallest in the series 
found from the formula 



I’k;. 5. 

Cori(Unscr.s connected in .scries. 


The capacity can be 
1 where C — 

1 1 1 

-- I - t - -f- 

tyj C2 (..S 
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total oapac ity, and Cj, i\, etc., equal capacity of 
c*)nclcnsers in the series. As an example, supp«)se each 
of the condensers to have a capacity of 10 mfds., the 

1113 

sum <tf the reciprocals will be -- : j- ; andthe 

reciprocal of this is - 3-^, therefore the total capa- 

city of the three condensers in series is 3^ mfds. It 
is quite a simple matter to see why the capacity should 
be smaller when condensers are connected in this way, 
as what we are in effect doing is to increase the thick- 
ness of the dielectric. In the above example the 
thickness of the dielectric has q 

been increased three times and T 

the capacity therefore reduced to • 
one-third. If all the condensers 
in the M-ries have the >>ame . 1 

capacity, the total capacity can jP', Iguass]) 
be found by dividing the capacity jj' w N/ 

of one bv the number in s<Tios. ifc vZ 11 


Exekcv .Storhi) in Co.ndenskk j A . I 

A condenser nia\’ be consideretl | j X I 
as a device for storing energt' in I i I 

the form of an electro-static 
strain. The energy stored is Fig. 6. 

equal to the energy cwpcnded in Leyden j.ir. 

charging the condenser. In placing the tirst unit of 
electricity in the ctmdenser, no energy is expended, 
as there is no force of repulsion to be overcome, each 
succeeding unit, however, requires the expenditure of 
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more energy, as the force of repulsion inci' uses as the 
potential difference at the terminals t){ tlu* condenser 
increases. The energy stored in a condcii'or is there- 
fore equal to the product .of quantity oi electricity 
and the average voltage. If the quantity is reckoned 

QV 

In CQulonibs, the eneri^ in Joul^ wiH equal ^ . As 

tmtten rt" 

" ' ^ ■ .. h ,0 " - \ ^ 

lbf$ing tl]« qai^iCy of the (^nden^ in farads. 

Gjkstruction of Condensers 

The earliest form of condenser, the well-known 
Leyden jar — so' named from the town in which it was 
disQOvered— consiks of a glass jar, coated for a certain 
distance both inside and outside, with tinfoil. The 
foils form the plates of the condenser and the glass 
of the jar the dielectric ; connection to the inner foil 
is made by means of a cluun (Fig.. 6). In the modern 
type, instead of tinfoil, the jar .is coated elcctrolyti- 
cally with copper. This is a great improvement, as 
the tinfoil frequently blisters and peels off. Fig. 7 



Fio. 7. 


shows the method irt wliich condensers are usually 
built ; the. size and number of plates, and the nature 
and thickness of the dielectric, will depend upon the 
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capacity r< quired and the voltage to which it will be 
subjected. ' . 

Variable Condensers 

Variable condensers may be classified under two 
heads, those whose capacity is variable in steps, uid 
, those whose capacity is continuotifily \Tuiable. An 
example of a, condenser whose capacity is variable 
in steps Js g^ven in Chapter VI „Fi§; willvbe' 

seen that by means of three pli^, 



Fic. ». 

Showinj; conhiruction of varisU>Sc conilcn»cf. 

I 

capacity values can be obtained. A continuously 
variable condenser consists of two sets of 
plates, usually semicircular in shap>e, one set being 
fixed, the other capable of rotation through 180 
degrees by means of a shaft on which it is mounted. 
If the plates are in position 1, Fig. 8, the capacity will 
be due entirely to the opposing edges of the plates, 
and will therefore be a minimum. As the movable 
set of plates is turned, the capacity increases, until, 
when position 3 is reached, it is at a maximum, as 
the whole area of the plates is then in, use. The con- 
struction of these condensers can be seen from the 
illustrations in Chapter VIII, Fig. 145. Another form of 
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continuously variable condenser consists < l two con- 
centric metal tubes, the inner tube beiii;; insulated 
from the outer tube, either by air, or mon usually by 
some solid dielectric material such as ebonite. The 
capacity is varied by sliding the inner tubt*, the 
capacity, of course, being a maximum when it is right 
inside the outer tube. 



Marconi Variable CoNOENSEk., 

The Marconi Company extensively 
Use a type of variable condenser, 
which, although depending on the same 
principle for the variation of its cap- 
acity, as the type first described, has 
the advantage that double the capacity 
can be obtained in a containing case 
of the same size. Fig. 9 shows the 
construction. It will bt^ seen that 
there are two sets of fixed plates and 
two sets of movable plates, each of the 
>et>» of fixed plates being connected 
to one of th(! movable sets. The 



Fig. 9. 

Marconi variable 
condenser. 


movable sets are carried on the same 
shaft, but are insulated from each 
other. The condenser will have 
minimum capacity when the plates 
are in position 1, each of the. movable 
sets of plates being then under the set 


of fixed plates to which it is connected. If the 
movable plates are rotated through 180 degrees, they 


will be in position 2, and each of the movable sets 
will be under the fixed set of plates from which it is 
insulated. The capacity will then be a maximum. A 
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ct)nsidcrati<tn of tlie dra^^fing will show, that instead of 
two sets ot semicircular plates facing each other, as 
was the ca-^e in the condenser first described, we now 
have two sets of practically circular plates facing, the 
capacity l)eing thereby doubled. The dielectric in the 
case of the Marconi condenser, consists of discs of 
hard rubber, but the same principle could be employed 
in the construction of an air condenser. 

Inductance 

A current of electricity cannot be started in a circuit 
at once ; it takes time to reach its Ml value. This 
is due to a property of the conductors iornliva^ tlafc 
circuit termed inductance. 

Consider for a moment a circuit consislii^ of a 000 
of wire, a battery, ami a switch. When tlw switch it 
closed, a current ot electricity will flow in the circuit 
and a magnetic field will be built uj) round the con- 
ductors. As the current is increasing in strength, the 
lines of magnetic force will cut across neighbouring 
portions of the circuit, and as a result an electro- 
motive force will be set up which will tend to send 
a current round the circuit in the reverse direction 
to the current from the battery. The magnitude of 
this opposing electromotive force will dejjend on the 
inductance. It will thus be seen that if the inductance 
of a circuit is great, the time taken for the current to 
reach its full strength will be proportionally great. 

In the same way, if the switch in the circuit is opened, 
the current will not cease immediately, because, as the 
lines of magnetic force collapse, they -again cut across 
the circuit and set up an electromotive force which acts 
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4a the same direction, as the J>attery and tt nds to pro> 
long the current in the circuit, the conth'uity of the 
cucuit being preserved for a short time b>* the spark 
which takes place at the contacts of th^ switch as it 
is b«ng opened. , 

be defin^ jis the inertia quality of 
, a cohd^br, or the quality . which resists changes b^hg 
made in‘ the Ijhongth ^ the bu^rat fibyng i 

.Theindbctancet when magnetic nuiteriaVf¥^ 

nlibB the of the conductor. , Ct^iihg 

the bmiduQtor increases the inductance, and hhe 
Hon of an iron cote will still further and iaig^y 
increase it. .The inductance of a coil (from wh«^ 
magneHc material is absent) will, provided all the lines 
of magnetic. force are linked with all the turns, vary 
as the square of the number of turns. 

* The unit of inductance is the henry, equal to 10* 
absolute units, and a conductor is said to possess unit 
inductance when the current through it, varying at 
the rate of 1 ampdre per second, induces in it an 
electromotive force of 1 volt. For the purpo^ of 
wireless telegraphy, the henry is far too large a imit 
for the inductances employed ; it is therefore cus- 
tomary to use a sub-unit, the millihenry, or the micro- 
henry, which equal one-thousandth, and one-millionth 
of a henry respectively. Inductance is also frequently 
expressed in absolute units or centimetres : one 
microhenry equals 1,000 centimetres. 

If the inductance is in a circuit conveying an alter- 
nating current, it may prevent the current from attain- 
ing any considerable value before the direction of the 
current is reversed, and will act just as a resistance 
wotild do in a direct current circuit, except that it 
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does not absorb energy/^ G)ils of wire wbnnd upon 
iron cores so as to have great inductance are, as a 
matter of fact,*used to regulate the current in alter- 
nating-current circuits. If the reversals of the current 
are very high (as electrical oscillations), eVtn a coil of 
comparatively small inductance will operate to choke 
them fltogether, and witt, in f^t, behave to them as an 
insulator; 11^ fact is made use" of mw^^ 
gil|>hy ^t'allations to prev^t high-frequmu^ cuur- 
rents from flowing back and po^bly dama^g certain 
^aits of the apparatus, as, for instance, the secondary 
winding of the transformer used to charge the con- 
denser, although the inductance is not great enough to 
diminish appreciably the low-frequency current from 
the transformer. 


Electric Oscillations 


If ia condenser be 
discharged through 
a conductor having 
a high resistance, the 
current will be in 
one direction only, 
and the discharge is 
said to be dead-beat, 
or non-oscUlatory. If 
we plot the current 
in the circuit, against 
the time, the curve 
will assume the form 
shown in Fig. 10, it 



Fio. 10. 

Curve slibvring dead-beat natul’e of 
condenser discharge through high 4 , 
resistance. 


will be seen that it rises quickly to a maximum and 
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then dies down more slowl 3 k If, however, the con- 
denser he discharged through an inductive con- 
ductor of Iqw resistance, say a coil consisting 
oti a few turns of stout copper wire, the ’Effect will 
be entirely different ; tlio current in the circuit will be 
an alternating current — that is. a current which varies 
periodically in magnitude and direction. If there were 
no source of energy absorption in the circuit, the 
amplitude of each half-cycle would remain constant 
and the oscillations would be said to be undamped, but 
owing to the resistance of the conductor which forms 
the discharger, and the resistance of the spark-gap 
which is included in the circuit, the amplitude does 
not remain constant, but decays, as shown in Fig. 11, 

and the oscillations are said 
to be damped. TJic rate at 
which the oscillations in the 
circuit decay depends upon 
the resistancti of the circuit, 
and in some cases the 
dielectric of the condenser 
Showing oscillatory nature of is also a source of energy 
.discharge uijen^s, stance .s ^hsorption and wiU there- 
fore increase the damp- 
ing. If the amplitude of the oscillations decays 
rapidly they are said to be strongly damped, and if 
the decay of the amplitude is not great, they arc said 
to be feebly damped oscillations. The amplitude of 
each half-swing bears a constant ratio to the one pre- 
cedingit,and if the Naperian logarithms of each ampli- 
tude arc written down, it will be seen that they exhibit 
a constant difference : this difference is termed the 
logarithmic decrement of the oscillations. The number 
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of complete alternations. of current per second in the 
circuit, is called the frequency of the oscillations. The 
frequency depends upon the capacity and inductance 
of the circuit and can, if the capacity and inductance 

are known, be found from tiie formula n — ■ 

y/CL 

where tt equals the frequency, C the capacity of the 
circuit and L the inductance. (C in mf., L in rms.) 



Fig. 12 shows in a modified form a hydraulic model 
of a Leyden jar or condenser, devised by Sir Oliver 
Lodge, and serves admirably to illustrate the fact that 
under certain conditions the discharge is oscillatory. 
The model consists of two glass jars, representing the 
two plates of a condenser ; the jars are connected on 
their under side by means of a U-shaped tube provided 
with a stop-cock, the tube representing the discharger. 
Now suppose the stop-cock to be closed and one jar 
to be filled with water, also suppose that the U-shaped 
tube be partially filled with sand : if now' the cock is 
opened, the water will rise in the second jar quickly 
at first, and, as the difference in level decreases, more 



^ond^ier art bojB at zaro p<rtentU;£ aiid i& lhe case 
of the hydrattli<^)a!logiie % a flow of ^ter in one 
direction ^nly tjqt the water-fevel ia the same in both 
jars. Now si^j^se the sahd-cho^ed tabe- to be re* 
moved and r4>hlced by another of fairly large intemad 
diameter, and, the cock being closed as before, one jar 
to be iigain d^ed \vith water. ‘ On the stop-cock being 
opened the witer in the first jar will rush through the 
tube into the second , jar, b\it, owing to its inertia, it 
xinll not stop when the pressure in the two jars is 
equalised, but will continue to flow till the water in 
the second jar is at a higher level than, that in the 
first ; it will then flow through the tube in the reverse 
direction and again will not stop on the water obtaining 
equal level in the jars, but will continue to flow till the 
first jar is at a shghtly higher level than the second. 
The operation will then be repeated till, by the vis- 
cosity of the water and thfe friction on the sides of the 
jars and tube, it is finally brought to rest and the 
water-level is the same in both jars. This serves to 
illustrate the oscillatory character of a condenser dis- 
charge through a. conductor of low resistance. In the 
electrical case the discharge is accompanied by a 
current in the conductor which periodically revetses 
its direction and by the periodic reversal of the sign 
of the potential difference at the -condenser terminal, 
fn the case of the hydraulic model we have seen 
that cm the stop-cock being opened— which.repres^S 


m bei^g by 

a emrimt in W dirktioa bnlv till tlie;piate$ of 
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the .passing* of the §pai;k 
was a current of waiter 
periodfcall}^* revered its 

diffcren^’iii water-level id thd two vcs^ls periodically 
reversed, which is the analogue of the alternating 
potential differences of the condens^. 

Electric Waves 

We have already seen that if a condenser is dis- 
cliarged through a conductor having inductance and 
small-resistance, oscillations arc set up in the circuit. 
Suppose nt)w that the condenser, instead of consisting 
of two sets of closely adjacent plates, consists of two 
plates widely separated, and connected to the induc- 
tance and spark-gap, as in Fig. 13 ; also suppose that 


tnuNS’AMD W^VES JiJ, 


-VV.--- 


m tlieeksc^calf cas^there' 
>set up' 'tjiBe which 

diction of iflbw, ' al^i the 
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, Fio. 13, 

the inductance capacity and resistance arc equal in 
both cases. If oscillations arc set up in such a circuit 
we shall find that the decay in their amplitude is much 
more rapid (Fig. 14). This shows that some other 
source of energy dissipation has been introduced. The 
increased damping of the oscillations is due to the fact 
that a portion of the. energy is radiated into space and 
does not return to the conductors of the circuit. 

Tlie first stage in the production of a wave (before 
the passing of a spark) is shown in Fig. 15. It will 
be seen that lines of electric strain stretch from one 
conductor to the other. Upon the passing of the 
spark the ends of the lines of strain move along the 
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conductor toward the spark-^gap, the’Yesult being that 
some of them become completely, closed and detached 
curves, by reason of the uniting together of thejir ends. 
The motion of the lines of strain*a2ong the conductors 
constitutes a current in them ; therefore, during the 
formation of the closed loops of electric strain, a mag- 
netic field is built up around them. The collapse of 
these lines of magnetic force wj^l result in the condenser 
being again charged, but in opposite sense. At this 
stage the radiation of the wave comtnences and the 



Fio. 14. Fig. 15. 


dosed loops of electric strain, together with the mag- 
netic field, which takes the form of expanding circles 
having the conductors of the circuit as their centre, 
are radiated into space. The speed with which the 
wave travels Outward from the source depends upon 
the elastidty and density of the medium and is the 
same as the velocity of light — that is, 186,000 miles 
per second. This fact has led to the assumption that 
both light and electric waves are identical in nature, 
and that both are undulations in the same medium 
(the aether), differing only in wave-length . Like light, 
the electric waves can be refracted and reflected, as 
was demonstrated by Hertz. 



EtECTRlC OSCILLATIONS AND WAVES ' 

Resonance ‘ 

The means adopt£;i^ by Hertz to detect the electric 
waves <at a, distance consist^ of an open oscillatory 
circuit similar fo Fi^. 13, but the spark-gap was very 
finely adjustable by means of a micrometer screw. If 
such a circuit be>set up at a distance from and parallel 
to the generating circuit, a stream of sparks will be 
observed to pass thctmierometer spark-gap during the 
time the generating circuit is in action, Jhe maximum 
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Fig. 16 . 

Lodge syntonic jars. 


effect being produced in the detecting circuit when 
the product of its capacity and inductance equals that 
of the generating circuit. When the product of the 
capacity and inductance of one circuit is equal to that 
of another, the tv^o circuits are said to be in tune, or in 
resonance, and will oscillate to the same frequency. 
The reason why the maximum effect is produced in the 
detecting circuit when it has the same frequency as 
the generating circuit is, that the effect of the wavte is 
* 




20 * 


wiKivLBss 


cqmuhitive and cacli impnUo is received ai the exact 
time when it will help to increase the ampin ude ol the 
oscillations already set up in the circuit. An example 
of how large a number of feeble impulses can, if they 
' are administered at the right times, produce a great 
eficct, is furnished by a heavy weight suspended by a 
cord or rope. If the weight is lightly pushed it will 
swing to one side, but the amplitude of the swing will 
be small ; if a second impulse' be ^niinistered at the 
moment it attains its maximum amplitude to one side 
or the other, the effect will 'be diimulative ; and if a 
number of such impulses are administered, the weight 
will eventually attain a very great amplitude. 

Sir Oliver Lodge has devised an apparatus for the 
demonstration of rescmance effects, the construction of 
wliich is as follows : a condenser, usually a Leyden 
jar, and a conductor having inductance were joined 
across the spark balls »*f a Rhumkorl’f c«iil ; another 
circuit, consisting of a capacity and variable inductance 
and having a small spark-gap slmntcd across the 
terminals of the condenser, was set up at a short 
distance from it. When the Khiimkorff coil was set 
going minute sparks were observed to jump across the 
small gap in the detecting circuit. The maximum 
effect being prt)dnccd when, by the adjustment of its 
capacity or inductance, it had been brought into 
resonance with the generating circuit. 
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Evolution of Transmitter from Hertz Oscillator — Direct and 
Inductive Coupling — Condensers for Transmitting Circuits 
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Currents — ^Alternating Current Dynamos — Alternating 

Current Circuits — Alternating Current Transformers — 
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With the means already described it would not be 
possible to carry on practical communication over any 
considerable distance, and it was not until Marconi 
brought out his first apparatus that a system suitable 
for the transmission of messages 
came into being. Marconi’s first 
transmitter consisted of an in- 
duction coil, one side of tin* 
spark-gap being connected to an 
insulated vertical wire termed an 
aerial, the other s^e being con- 
nected to earth (Fig. 17). In 
the primary circuit of the in- 
duction coil was a Morse key, by 
means of which signalling was 
effected. It will be seen that this 
arrangement is* a modification of 
the Hertzian oscillating circuit . 

Marconi plain aerial. 

(Fig. 13): one arm being m a verti- 
cal instead of a horizontal position and the other arm 


Fig. 17. 



22 ‘ WIRELESS TELEGRAPHY 

, #■ " ... 

j^j^a^ped % the eerth. The waves radiated from this 
*; of transinitter'wiU not be completely closed loops 
■j^vt^tric strain, % was the case with’ibe Hertzian 
' but se^oj^ps^ving their extrenuties bn 

’ffhe esitei as shbwn in Fig. 18. The m^etic com- 
|x)nent will consist of expanding concintric circles 
hEving the aerial wire as their centre. 

With such an arrangement, used in conjunction 
with the coherer receiver, it was found possible to carry 



on communication over a distance of about 100 miles. 
With a transmitter of this kind it will be seen that 
' the oscillations arc generated in, and radiated from 
one and the same circuit. This circuit is an open, 
or good radiating circuit ; therefore the decay in the 
amplitude of the oscillations will be rapid and the 
energy is practically concentrated in two or three 
swings. Now suppose a number ol receiving stations 
to be within range : they will all r^pond to the signals 
' sent out, because the amplitude of the hrst oscillation 
is great enough to actuate the detecting device. If we 
wish to confine the effect to one particular receiver, we 
must find means to spread the energy over a large 
number of comparatively feeble impulses, any one of 
which by itself would be insufficient to actuate the 
detector; in other words, we must find means to 
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generate and radiate feebly damped oscillations. Also 
we»-must adjust the receiver so that it has. the same 
frequency as the transmitter. .When this is done, the 
effect of the oscillations being cumulative, their am^- 
tttde yviU eventually be great enough to set the detector 
in action. A 'receiver having a different frequency 
will ndt be actuated, because the impulses, being 
administered at the wrong times, will be mutually 
destructive. 

Another disadvantage of the plain aerial transmitter 
is that no considerable energy can be stored in it. 
The energy stored in a condenser is equal to half the 
product of its capacity and the square of the voltage 

to which it is charged, £ = 2 • The capacity of a 

vertical wire with respect to the earth is very small, 
therefore, to impart large energy it must be charged to 
a very high voltage. The voltage to which the aerial 
is charged will be determined by the length of the 
spai'k-gap. The spark-gap cannot be indefinitely , 
lengthened because as its length is increased its resis- 
tance increases also, which results in increasing the 
damping of the oscillations. The length of the spark- 
gap cannot advantageously much exceed one centi- 
metre. The problem of selective wireless telegraphy 
resolves itself into this : That means must be found to 
generate .and fadiatc feebly damped oscillations ; also, - 
if considerable distances are to be covered, the capacity 
of the generating circuit must be large in order that 
considerable energy may be imparted to it. 

Sir Oliver Lodge’s solution of the problem is a com- 
promise between an open or good radiative circuit and 
a clo^d circuit which is a persistent oscillator and has- 
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l^e enei^y storj^e, owing to the large capacity which 
may be given to it. . , * 

Fig. 19 shows the form which his aerial takes. A 
and B are capacity areas conmicted one to each side 
of the spark-gap ; included in the leads are variable 
inductances for tuning. Such an arrangement, by 


I'lG. 19. 

Lodge aerial. 

increasing the capacity, enables a much lar|[er 
amount of energy to be stored, also, as it is a 
partially closed circuit, the oscillations in it will be 
more persistent, although the radiating properties it 
possesses are le.ss than tliose of the vertical wire before 
mentioned. 

The practical disadvantages of the arrangement are 
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that four masts are required, also considerable ground- 
space, for its erection. For ship working it would, of 
course, be impf)ssible, or at the ^st, very inconvenient 
to put up such an arrangement. Other investigators 
tackled the problem in a different way, by a 

closed or non-radiating circuit in which to generate 
fcebl}' damped oscillations, and then transferring them 
to an <»pon circuit from which fh<‘V are radiated. The 
capacity of the coiulinser in the clo-iid circuit ran he 
made large, and therefore the energy "toniige will be 
great. 

Tht're are >.e\'eral 
itK'thods of coupling the 
oj)(;n and closed circuit.'' 
tog(‘thc*r. I'ig. 2(1 slums 
what is known us the 
direct method of coupling, 
the closed circuit consists 
of a condenser joined in 
series with a spark-gap 
anri an inductance. The 
aerial and earth arc con- 
nected to two points on 
the inductance, as shown 

in the diagram. If a large number of the turns of the 
inductance are comnuin to both circuits the coupling 
is said to be close, and if a few turns are common to both 
circuits the coupling is said to be loose. The second 
or inductively coupled method is shown in Fig. 21.- 
In this case the closed circuit is constituted as before, 
but the aerial and earth wires are connected to a 
second coil. If this .second coil be placed in such a 
position, with respect to the first, that all the lines of 



Kit;. 20. — Oscillatory circuU.s of 
ihr<.‘clly coupled tran.sniitler. 



26 WIRELESS TELEGRAPHY 

f » 

• 

magnetic force which come into being wlien Dscillutions 
are set up in the closed circuit cut across all the turns 
in the second coil, the coupling is sciid to lx close, and 
if it is placed in such a position that only a h w of them 
cut* across it, the coupling is said to be loose. When 
the coupling between the circuits is close, the energy 
passes from the closed to the open circuit rapidly, and 
close doodling therefore increases the damping of the 
'oscillations. If the coujding between the circuits is 

loose, the energy passes 
slowly ^om the generating 
to the radiating drcuit, 
and the damping of the 
oscillations will be small. 
There* is -no essential 
difference between direct 
and inductive coupling 
and in both cases it is 
necessary that the open 
and closed circuits should 
be adjusted to the same 
frequency. If this is not 
done, the oscillations in 
the primary or generating circuit will not be 
effectively transferred to the open circuit. A con- 
venient method of ascertaining when the two circuits 
are in tune is to insert a hot wire ampere meter in the 
earth wire and adjust the circuits till it gives the 
largest reading. 

When two circuits are coupled together there will 
be mutual reaction between them, which results in 
oscillations of two different frequencies and therefore 
different wave-lengths being emitted. One of the 



Fig. 21. — Oscillatory circuits of 
iiul, actively coupled transmitter. 
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wavc-lcngtlis will be greater and one less than the 
natural wave-length of the circuit. If the coupling 
between tlie circuits is close, the difference between 
the wave-lengths will be great, bul^as the coupling is 
made looser they approach, till, when a certain degree 
of coupling is reached, they are so nearly equal as to 
practically merge into one. The radiation of waves of 
two lengths by the transmitter is a disadvantage, be- 
cause as well as actuating receivers tuned to 
wave-length, and thereby producing interference, part 
of the energy radiated is wasted, as the receiver can 
only make use of the enei^ of the wave-length to 
which it is tuned. The coupling of the (ransmitter 
circuits therefore should be loose, in order to concen- 
trate the whole of the energy radiated into one wave- 
lengih and to keep interference at a minimhxn. TVve 
coupling, however, cannot be loosened beyond a cer- 
tain point without reducing the intensity oftiie raii^ttd 
waves and therefore reducing the working distance. 

The measurement of the coupling co-efficient is 
dealt with in the chapter on measurements. 

Condensers for Transmitting Circuits 

In the construction of a condenser for use in the 
transmitting circuit we have to consider what material 
used as a dielectric will absorb least energy ; also we 
must so construct it as to Withstand the high voltage 
to which it will be subjected. 

The losses in' a condenser may be classed under three 
heads ; first, the dielectric losses diie to hysteresis ; 
secondly, those due to brushing from the edges and 
comers of the plates ; and, also, as a current is flowing 
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in and out of the condenser during the time it is charg- 
ing and discharging there will bo some eneri'y absorjv 
tion due to the resistance of the plates, but if these an; 
made of good conducting material, and are fairly 
Stout, the loss will be so small as to be negligible. 

The hysteresis losses vary considerably unth the 
material of the dielectric, and also with the frequency, 
being greater for high frequencies. The measurement 
of condenser losses is dealt with in a later chapter. 

In respect of internal losses, an air condenser would 
be ideal, as the internal losses when air is the dielectric 
are nil. We are, as a general rule, however, faced with 
a practical difficulty — namely, the space requirt'd for 
the housing of such a condenser, as, owing to the fact 
that the dielectric strength of air is small, the plates 
would hive to be a considerable distance apart t(j 
withstand the pressure. In j)ractice, therefore, the 
types of condenser most frctpiCntlj' met with are those 
consisting of metal jdates arranged in a containing 
vessel and immersed in oil — the oil forming the di- 
electric — and those in which the dielectric is glass. 
These also are frequently immersed in oil ; the object 
being to prevent brushing from tlie edges of the plates. 
On small-power installations the well-known Leyden 
jar is by far the most generally used. 

The specific inductive capacity of glass is very high, 
being about nine times as great as air. This, together 
with the fact that it ha.s great dielectric strength, 
enables the condenser to be kept within reasonable 
dimensions. The jars are built up in groups, 'Sufficient 
being put in series to safely withstand the tension, 
and then in parallel till the required capacity is 
obtained. 
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If llic j:iis show considerable brushing while in use, 
an iinj)rov(!inent may be effected by putting more jars 
in scries and so lessening the tension across each jar ; 
but if this is done it will, of course, be necessary to add 
more in parallel to bring the condenser back to its 
original capacity. The raejsumnent of the capacHy 
of condenser will be dealt with in the chapt^ ^ 

measurements. ,* j ; 




In tin* (‘li.'ipt< r hjgh*fr^‘*|ttenct , 

M'c that the ri''i''t.mM* of .« 'J'IhI 

laiKi* st «tn>n i» not th« -amv b*t « mirut> ^*1 


low (i. <pnm y.but way W imub fttratrt b»t ibt ttwmf 
hv an .imount \v\\jv\\ de\vw\s pan\v m the tinjut-iu y 
and partly on the. thickness oi the wire, the reason la- 
ing that high-iie(\vumcy currents, or oscillations, coniine 
themselves to the surface of the conductor and pene- 
trate to no appreciable depth. We shall also sec how 
this increase in resistance may be avoided by using 
conductors built up of a large number of .small wires 
insulated from (>ac}i other and joined in parallel. 

If an auto-transformer is used it is not practical to 
construct it in this way, the reason being that con- 
nection must be made by clips and to any part of the 
coil. It is therefore made of flat copper strips, or from 
copper tubing, which, having a large surface, tends to 
keep the high-frequency resistance low. The practical 
shapes taken by the inductances can be seen by 
reference to the photographs of the various systems. 

If magnetic or inductive coupling iff used, the coils 
of the transformer arc made from conductors built 
up of a large number of insulated wires laid together. 
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irtie methods adopted for adjusting the coupling 
^...between the coils vary. In some cases* the ctijlsjare 
^cylindrical, one coil having a smaller diameter than 
the other and being stood 'mthin it ; the coupling in 
this case is varied by withdrawing the inner coil more 
or less. In other cases the coils are made to slide 
over each other ; this type is greatly used by the 
Marconi Company, and examples of its construction 
can be seen by referring to the desoription of their 
• and i kiloAvatt sets. 

Spark-gaps 

The spark-gap takes various forms : in some systems 
the spark is taken between blunt rods, in others be- 
tween balls. Plates and rings are alfK) used*, but never 
sharp points, as these cause premature discharge. The 
chief point to be. considered in a spark-gap is its 
resistance, which should be kept as low as possible. 

It has been found that the resistance of a spark- 
gap decreases with its length till a certain point is 
reached, after which it increases with the length of the 
* spark-gap, rapidly if the condenser discharging across 
it is small, and less rapidly as the condenser is made 
larger. The length of the spark to give best results 
for any given transmitter is best found experimentally. 
A hot wire ammeter should be included in the aerial 
and, assuming that the circuits have already been 
timed to eaph other, the spark-length should be varied 
until the greatest reading is shown on the ammeter. 
The resistance of the spark-gap, however,' varies not 
only with its length, but with the quantity of electricity 
discharged across it. Thus, for a given length of 
spark the greater the quantity of dbctiricity the less 
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will its resistariec be. For this reason the condenseiis 
in thp circuit'are given as large a capacity as possible. , 

The voltage required to break down the insulatioa^^ 
of tbe. si>ark-gap depends on the length of the gap, 
and the size and shape of the discharger. If the latter 
consists of balls, the greater the radius of the balls the 
larger will be the voltage’ required to break down the in- 
stdation of the air-gap ; and al it is very important that 
there slioukl be no brushing or premature discharge, 
the balls sh«iuld be of fair size and kept quite smooth. 

The disruptive voltage when the spark is taken 
between points is approximately 30,000 volts per 
centimetre for spark-lengths up to 2 or 3 centimetres, 
after this it is somewhat less, as the dielectric strength 
of air is relatively, greater for small thicknesses. 

The spark-gap is sometimes placed in a compressed- 
air chamber, as the voltage required to break down a 
given spark-lenf^th is much greater in compressed air 
than 'in air at ordinary pressure: consequently the 
condenser can be charged to a much higher voltage. 
The noise from tlie spark is very great, and it is there- , 
fore the practice to enclose it in a muffled chamber, ‘ 
or 'else to place it in a room by itself, away from the 
operator. The ozone which is given out by the spark 
is also very objectionable, and means are therefore 
taken to conduct it to the outer atmosphere. 

jl. 

The Rotor y Spark-gap 

The Marconi Company have brought forward of 
recent years a spark-gap which consists of two discs 
rapidly rotated, the spark taking place'betwcen their 
peripheries. This form of* spark-gap can be used 
either with direct or alternating current. The 



35S^^ WIRELESS TELEGRAPHY'* , 

advantages claimed are: that, altbougli a true oscillatory 
discharge may take place across the gap, the rapid 
relative motion of the discs effectually prevents the 
formation of an arc. When used with direct current, 
the oscillations generated are practically continuous 
and Undamped. This discharger, when used with an 
alternating-current supply, consists of a metallic disc 
carried on the shaft of The alternator but insulatcfl 
from it, the disc is fitted with trar.sversc or radi d 
studs equal in number to the p«tl«\, 
on the alternator. Two fixed, insu- 
CiRcutr I lated electrodes, mounted on a 
carrier of some insulating material, 
and capable of being rotated 
through a certain number of degrees 
about the- axis of the disc, are 
connected in the primary oscillatory 
circuit (Fig. 22). The spark takes 
place at the moment the moving 
studs approach the fixed studs, and 
during the greater part of the time 
the condenser is discharging, the 
spark-gap is practically short- 
circuited, and the resistance of the circuit and 
consequent damping of the oscillations reduced. By 
adjusting the position of the fixed studs, the condenser 
discharge can be made to take place at the mc^ment 
maximum voltage is reached and as the number of 
studs is equal to the number of poles on the machine, 
one discharge takes place for each half-cycle of current. 
Another type of rotary discharger now much in use 
has a larger number of .studs on the rotating disc than 
there are poles on the machine, thus giving a number 



Fig. 22 . 

E, Jit. iMALti clccirfxie<. 
S. Snaft of alternator. 
S3, S4. Kadial 
studb. 

1 . lusiilating material. 
M. Metal ring. 



THE TRANSMITTER 

of dischaiiges for each half-cycle. On the Marconi 
kilowatt Transmitter, the machine has 4 poles and the 
number of studs on the disc is 24. The advantages 
claimed for the rotary gap are : greater efficiency, 
as, owing to the rapid opening of the gap, there will 
be no reflux of energy to the closed circuit, consequently 
a much closer coupling may be used; reduction of 
damping due to spark resistance as the gap is rapidly 
shortening in length during the' time the condenser 
is discharging ; greater regularity of sparking) as, 
should the tran.sformer voltage fall below its usual 
value, the spark will not miss but will take place a 
little later ; one wave-length only produced, as the 
energy being transferred to the open circuit and the 
coupling broken by the opening of the spark gap, 
the aerial circuit oscillates to its own natural fre- 
quency. In the case of the 24-stud disc, a higher 
spark frequency is obtained, which is much easier to 
read through atmo.spherics, and also as the condenser 
is not charged to the maximum transformer voltage, 
but to some smaller voltage, the insulation of both 
the closed and open oscillatory circuits is much more 
effectual. The aerial used with a rotary discharger 
should be of the slow radiating type, as the energy 
is rapidly transferred to the open circuit, and the 
damping of the oscillations is therefore largely deter- 
mined by the rate of radiation. Exfunples of rotary 
gaps are given in the descriptions of the Marconi 
i and IJ kilow'att sets. 

The Aerial 

The aerial is that portion of a radio-telegraph 
installation which radiates or absorbs energy. It 

3— (soes) 
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its Amplest form. oi a sing^ vertical wire, 
iyirt practice is to have a number; of wires 

m ' This' haat. the effect of ^iitcreasiiig the,capa« 

bit^. aad th^eipre the amount of can be 

v pnt into it. It also dmiiiishes tlie teaistiu^o. of the 
- piNial and thi^by reduces the danq>iiig^ 'ihe wires 
should not be too close together,<hat'W^ spaced,- if 
the full benefit in increase of bapadty is to l^.obtained ; 

this is owing to the fact that 
if they are dose together the 
distribution of the lines of 
force is unsymmetrical for 
each wire. The cavity of 
an aerial varies ^^roxi- 
mately as tlie square root of 
the number of wiias in 
parallel, thus, four ♦wires 
would have about twice the 
capacity of a ' single wire 
providing they arc fairly 
well spaced. The best 
material for an aerial is 
copper or bronze wire, 
preferably stranded, 7/20 is a very convenient 
size. The form the aerial will take depends 
upon circumstances — such as amoimt of ground 
available, number of piasts, etc. Fig. 23 shows a 
.very convenient type’; it consists of four wires 
connected together at the masthead and spread 
out by means of a rgjj^ like an inverted fan. The 
wires are then banchra*together at, their lower ends 
and led into the station. If two niasts are available, 
an excellent aerial can be constructed, as in Fig. 



Fig. 23. 

Inverted fan aerial. 
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24. A favourite type of aerial for a land station; is 
that shown in Fig. 25, and. is; known as an iimlnelkt 



of which radiate a number of Wires like the spokes of 
a wheel ; these wires shoiild be connected at their 



Umbrella aerial. 

lower ends to another wire which encircles the mast ; 
the horizontal wires, while do not increase the 
radiation, add largely to the capacity of the aerial. 
As r^ards aerials for ships, there is not much choice 
as to shape, and they usually consist of a number of 


36 


WIRELESS TELEGRAPHY 


wires stretched horizontally between the injists, the 
perpendicular portion being connected to the middle, 
as shown in Fig. 26, or else to one end as shown in 
Fig. 27. Hie former is known as a T-shaped aerial. 



Fig. 26. 
Ship's aerial. 


the latter as an L-shaped aerial. The point at which 
the vertical wires join the horizontal, is largely deter- 
mined by the iKJsition of the operating cabin, the T- 
shaped aerial being u.sed if the cabin is amidships. 



Fig. 27. 

I.-shapcd aerial. 

the L-shaped aerial if .the cabin is fore or aft. An 
important point in building an aerial is its natural 
wave-length, which should not be very different from 
the normal- working wave-length of the station. An 
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aerial will radiate best on its natural wave-length, if 
the wave-length is much increased by the addition of 
inductance in scries, or much reduced by the insertion 
of a series condenser, the radiative properties will be 
considerably lesseSied. The natural waVe-length of an 
aerial can be approximately calculaf ed from its dimen" 
sions, a simple, vertical wire will have a natural yave* 
length equal to about 4*5 times its length, a T-shaped 
aerial will have a natural wave-length equal to 4*5 
times the vertical plus half the horizontal length, and 
an L-shaped aerial will have a natural wave-length 
equal to about 4*5 times the horizontal plus the verti- 
cal length. The radiation from a T-shaped aerial will 
be, more symmetrical than that from an L-shaped 
aerial, but the latter will give a greater natural wave- 
length. 

Care should be taken in the constrxiction of an aerial 
to keep it free from points and sliarp edges, as brushing 
is likely to take place from these and the efficiency of 
the transmitter is thereby impaired. To sum up, the 
qualities it is desirable that the aerial should possess 
are : good radiation, low resistance to high frequency 
currents and good insulation, which, in the case of 
conductors carrying high-frequency currents, means 
that not only should they be well insulated for con- 
duction currents, but that the}' should be kept away 
from all earthed metal wt)rk, as, if they are near to it, 
and especially if they are parallel to it for any distance, 
a dielectric current passes. 

Directive Aerial 

The energy from an ordinary vertical aerial is 
radiated equally in all directions. This, in the case 
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of ship stations, is an advantage, because it is not till 
communication has been cstablished‘that tlie position 
of the ship can be known. 1% the case of communica- 
tion between two fixed jx>ints it . would bt; advan- 
ta^us if tW, energy, ^^cQuld be concentratid in the 
of t]te reiMying station, 9 &. not^only would 
I<|^^t^tieirle!t^ce ||#ef[ect ptoduced 

ra the receiver wqtdd grrat^' by ‘reason of 4he 
conraatration. ' ;r.," ’ 

. ''the )£atrconi Compray for th^ .T)r$|nsatlantiG 
tiODus a type of aerial which, while it ^oes pot era- 
centrate wholly in one' direction, the auction 

' J-v '• 

Fic. 28 . 

‘ Marconi directive aerial. 


of the transmitter mainly in the direction of the 
receiving station. This type of aerial is shown in 
F^. 28 : it consists of a vertical portion- and a hori- 
zontal portion, the length of the latter being great 
compared with the vertical portion. 

With an aerial of this 'kind the lines «yf electric 
strain -will stretch much farther out into space in the 
direction A than in any other direction, because the 
horizontal portion concentrates' them between itself 
and earth. The field of action of such a transmitter 
-is roughly like the figure 8, the maximum effect being 
produced in the direction A,, a second ^ut snisdler 
-maximum being product in the opposite direction, 
"whilst in directions appretkiinately at right angles 
very little effect is produced. ’ 


THE TKANSMITTEK ^ 39 

The point at which the detachment of the wave 
occurs is not at the aerial itself, but at. a distance 
equal approximately to ojle quarter of ar wave-length 
from it. lietween tliis point and the aerial the move- 
ment of the linea of strain is sometimes inward, as 
part of th6 llbies reconnect with thb aerial, but from 
the point Outwalk from the aerial, . the mov«p^t^ 
of the strain Hnes is tuiiforihly ontveara or away 
the latter. Tfce int^sity of the'* field produced 
about the aerial dimini^es appt:oiximately as the 
cube of the distance from it. The 'result of the cdnr 
centration of the lines of force by the horizontal, part 
of. the aerial is that in certain directions the field 
produced at the point where the wave is radiated is 
very weak, whilst in the direction A, where the lines- 
stretch far out into space, the strength of the fidd is 
great. 

^ Insulation of Aerial 

It is very important that the insulation of the aerial 
should be of the most perfect description possible. 
The potential is greatest at the upper part, and it is 
therefore of the first importance that the masthead 
insulators should be efficient. A form of insulator 
commonly used consists of an ebonite rod one or two 
feet in length and about one and a half inches in 
diameter, the rod having a screw-eye at each end. 
They are connected to the aerial wires and to the 
spreader, as shown in Figs. 26 and 27. 

Tlie second point at which special attention must be 
paid to the insulation is the point at wliich the aerial 
is led into the operating-room. , 

Fig. 29 shows a tjrpe of insulator much used. It 
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.^misists ..of a {lorcclain tube corrugated on the out- 
to Increase the effective surface and having a 
metallic rod passing throng it whicb* bas'd terminal 
at each end : the aerial is connected to the outen' 
terminal and the lead to the instrtunents to the inner 
terminal. 

A type of Icading-in insulator, almost exclusively 
used by the Marconi Company and called by them a 
Bradheld insulator, consists of an ebonite tube three 
or four feet in length and having, as in the former 



Leadin^-in insulator. 

case, a metallic core passing through it. At tlie outer 
end, in addition to the terminal by means of which 
^electrical connection lx*tween the aerial wires and 
the instruments is effected, is a shackle, the purpose 
of which is to remove all mechanical strain from it. 
Instead of being corrugated, a number of ebonite discs 
are threaded over the tube and serve the same pur- 
pose. A metal hood is provided to keep the upper 
part of the insulator dry. 

Earth Connection 

Great difference of opinion exists as to the advis- 
ability of earthing the aerial. Sir Oliver Lodge 
maintaining that the earthing of an aerial is inimical 
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to very sharp tuning. The general oj^on, however,’ 
is that the aerial should be earthed, and that if the 
system of earth wires is ^properly constructed it is 
beneficial and increases the dbtance over which, 
signalling can be carried on. In the early da}^ of 
Radio-Telegraphy it was a common practice to use a 
copper plate buried in the ground as an earth, but by 
experiment it was found that the best earth connection 
was formed of a large number of wires laid in the 
ground radially from the station and stretching out 
from it as far as possible. It is not necessary that the 
wire should be deeply buried : if the station stands 
on grass-land, it is sufficient to turn up the turf, insert 
the wires and replace it. At the point where the wires 
meet they are connected together and led into the 
station. Fessenden, in America, devised what he 
called a wave chute, which consists of an arrangement 
of wires identical with that above described, the wres, 
however, being laid on the surface t)f the ground and 
not buried. In a ship station the earthing is effected 
by connecting to the side of the vessel. 

The lead from the instruments to Ihc point at which 
it is connected to earth should in all cases be as short 
as possible. 

The Induction Coil 

In small power installations the condenser is charged 
from the secondary terminals of an induction coil. 
For the benefit of readers not already acquainted wath 
this piece of apparatus w'e append the following 
description — 

The coil consists of a soft iron core C {Fig. 30), 
which is built up of a large number of soft iron wires 
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|du^]^^ ^ite each other yaraisb.;.\^!!^ 

' thus' subdividing the core, .id to ^event eddy canriailis 
‘from being set up in it and the cons^ueni* loss of 
energy. Over the core is a winding of thick insulated 
copper wire P (Fig. 30) ; this is known as the primary 
winding. Over thp primary winding is wound a large 
number of turns of fine insulated copper wire S (Fig. 
30), which is the secondary winding. ITie ends of 



Fig. 30. 
Induction coil. 


this winding are brought out to terminals, which are 
also connected to the spark-gap. 

The secondary is not usually wound on in layers 
extending the whole length of the coil, but in small 
sections, the object being to prevent high differences 
of .potential from existing between neighbouring tumsj 
which might break down the insulation. One end of 
the primary is coimected to a terminal, the otW end 



6t itltfe cohtact'brea^ B 
(F%^’ 30|, the olbbr ^e of which is connefctedi to a 
secotid temii^I. The contact-breajcer consists of a 
small disc of soft ir^ carried at the. end of a metal 
strip. The iron disc is termed the armature and as 
mounted, is exactly opposite, and close to one end of 
the core. Bel^nd the spring carrying the armature is 
a brass pillar which has a platinum-tipped adjusting 
screw, by means of which the play of the armature 
and the tension on the spring can be adjusted ; across 
the contact-breaker a condenser of large capacity 
(about 1 mf. for a 10-in. coil) is connected. The 
action of the coil is as follows : Wlien a battery is 
connected to the primary terminals a current will flow 
through the primary winding and the core will be 
magnetised ; as the magnetism of the core is increasing 
the lines of force will cut across the secondary winding 
and, as is well known, an induced current in the 
secondary will result. The core being magnetised will 
'attract the armature which, by pulling the platinum 
contacts apart, will break, the circuit, and the lines of 
magnetic force brought into being by the current in the 
primary will collapse and again cut the secondary 
winding, and an induced cuirent will be again set ftp 
in the secondary, but in the reverse direction to the 
flrst. It will be seen that as soon as the core loses its 
magnetism the armature will be released and the plati- 
num contacts will again come together, and the cycle " 
of operations will be repeated as long as current is 
supplied to the coil. 

At the moment the armature is attracted by the 
core a bright spark, due to the self-induction of the 
primary winding, will be seen at the contacts of the 
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contact-breaker. This spark tends J:o prolong the cur- 
rent in the primary, and therefore the collapse of the 
lines of force ^vill not be very sudden* The voltage 



produced at the secondary terminals will depend upon 
the number of turns of wire on the secondary winding, 
upon the number of lines of force cutting it, and upon 
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the speed at whicii they cut it. If now means can be 
found to prevent the sparking at the contacts of the 
coil a much -greater effect will be produced in the 
secondary. Th<! condenser connected across the con- 
tact-breaker does this, as the current due to the self- 
induction of the primary flows into and charges it 
every time the circuit is broken, instead of forming the 
spark at the contact-breaker. It will thus be seen 
that the induced current in the secondary at break is 
much greater than at make, and the discharge will 
therefore be uni-directional, as the effect produced at 
make, is too small to cause a spark at the discharger. 
On some Marconi installations, two coils are connected 
to work together, the primaries being connected in 
series, and the s^ondaries either in series or in parallel 
as required. The current through the primary wind- 
ings is controlled by one contact-breaker only, the 
other being screwed up. Fig. 31 shows the simplest 
way to connect two Marconi induction coils together. 

Accumulators 

Accumulators, or secondary cells, are of two types ; 
the pasted type, and the formed type. In the case of 
the pasted type the plates are prepared by pressing 
oxide of lead into a leaden grid so formed that the 
paste shall make intimate contact with it, and be 
firmly held in position. The plates are immersed in 
dilute sulphuric acid and held apart by glass rods or 
by corrugated celluloid separators. If no\y they are 
connected to the poles of a direct-current dynamo, 
or other source of direct current, electrolytic action 
takes place, which still further oxidises one of the 
plates, whilst on the other plate the oxide is reduced 
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;iand ithe l^d ^dered spongy or pproits : the spongy 
plate is termlid tlie negative plate the other being the 
positive. The plates may bf|, disting^hed by their 
colour, the poativc plates ^ipg a <^k chocolate, 
colour and the negative plates grey. Tbet terminals 
of a secondary ceU are marked -f and that marked 
-j- being the positive terminal ahd that marked 
being tlie negative terminal. In the formed type of 
cell the active material is produced by electro-chemical 
means. The capacity of an accumulator is determined 
by the active area of positive plate; for this reason 
there is usually one more negative than positive plate 
in each cell, in order that, both sides of each of the 
positive plates may be active. The capacity of a cell 
is reckoned in ampAre-hours, An accumulator cell 
when fully charged, has a voltage of about 2*3 volts, 
and the acid a gravity of ^*215, the voltage should 
never be allowed to fall below 1 -85 and the gravity of 
the acid should not be lower than 1*18. To charge 
such a cell or group of cells the following procedure 
should be adopted : The positive plate of the accumu- 
lator should be connected to the positive pole of the 
charging dynamo, and . the negative plate to the 
negative pole of the dynamo ; included in the circuit 
should bc*a variable resistance to regulate the charging 
current. A convenient form of resistance to use when 
charging accumulators is the ordinary carbon-hlament 
incandescent lamp. A board should be obtained, and 
on it shcyild be mounted a number of , lamp-sockets 
connected , in parallel ; now obtain a double-pole 
double-throw switch and* connect- the iiccumidators, 
the switch, and the charging dynamo, as shown 
Pig. 32, A lamp should now be inserted in one of the 
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sockets, and the switch put first in one position, and 
then in the other, and the brightness of the lamp 
noted. The correct charging position will be that in 
which the lamp is the least bright, because the voltage 
of the accumulator is ^hen in opposition to the voltage 
of the dynamo, or, in other words, the positive pole 
of the dynamo is connected to the positive pole of the 



Fig. 32. 

Accumulator charging. g 

accumulatfir. • The correi^t charging current is obtained 
by inserting more lamps iii the sockets until the ampere 
meter shows the right reading. The lamps mhst, of 
course, be of the same voltage as the charging dynamo. 
Violent gassing of the acid, indicates that the cells are 
fully charged. The faults* most likely to occur- are 
i^he following : Buckling of the plates, due in most 
cases Jto excessive rate of discharging ; the same cause 
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is also frequently responsible for the disint^^tibn of 
the plates which sometimes occurs, pother fjtult to 
be guarded against is the sulphating of the plates, an 
insoluble substance termed sulphate of leadjorming 
on the plates, the cause may be any of the iollowing : 
too strong a solution of acid, liischaiging the'eell too 
low, by under-charging or leaving the cell partially 
discharged for long periods without removing the acid. 
The' remedy is to give the cells a prolonged charging 
at a low-charging rate. * The acid solution is made up 
of about three parts water to «)nc paCrt commcrcid 
sulphuric acid, the specific gravity of the acjd Solution 
being about 1*2. » ’ 

Most makers of storage batterios\}?end out full in- 
structions with them as t^’ cluirging and discharging 
rates, and general treatment — and it, will conduce to 
the long life and satisfactory working, of tlic cells if 
these instructions arc faithfully f^lowcd. 

Morse Keys 

For small-power installations the Morse keys used 
are not very different from those employed in ordinary 
land-line telegraphy, the only difference being that the 
platinum contacts are larger ; when, however, it is 
desired to interrupt large currents, precautions must 
be taken to eliminate the heavy sparking which occurs 
when the key is opened. T'ig. 33 shows a form of 
Morse key much used in the larger installations ; it 
will be seen that the contacts of the key are*immersed 
in oil, which, when the circuit is broken by the opening 
of the key, flows into the gap and effectually prevents 
the formation of an arc. In some installations spark- 
ing at the key is eliminated by shunting a condenser 
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Fie. 34. 
Magnetic key. 


minimum break 4(67, action is as follows : 

when the circuit is closed by the depressioh of the 
Morse key, the current Hows through the coils of the 

4-(509a) 
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magnet A, which forms part of the circuit. The 
magnet, being thus excited, attracts the armature and 
closes a second pair of contacts which are in shunt 
with the contacts of the key. If now the Morse 
key is opened the auxiliary contacts will hot' immedi- 
ately follow but will remain closed until the alternating 
current is at or near zero. It will thus be seen that 
there is no danger of*hn arc forming, as the circuit is 
not broken until^ the current is practically nil. The 



key is provided with two adjusting screws : one to 
regulate the play and the other to regulate the tension 
of the spring which pulls the contacts apart when the 
excitation of the magnet is^too feeble to hold the 
• armature. Fig. 35 shows the way in which the mini- 
mum break key is connected in circuit and 'with the 
signalling key. 

Fig. 3^ shows the construction of the magnetic key 
as used by the Marconi Company. To adjust the key, 
depress the armature till it touches the pole-pieces of 
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the magnet, then adjust the lower contact to such a 
height that it just raises the armature clear of the 
pole-pieces. Tension should now be put on the spring, 
and the upper contact adjusted so that there is a 
space of about part of an inch between it and the 



Fig. 36. 


* Marconi magnetic key. 

lower contact wlien the key is at • rest. The final 
adjustment should be made, with tlic power applied 
to the circuit, the tension and play being adjusted 
till the sparking at the Morse key is reduced to a 
minimum. 


Alternating Currents 

If a current of electricity periodically passes through 
a series of changes, both in direction and strength, it is 
termed an alternating current. The time taken by one 
complete cycle of changes is termed the period, and 
the number of cycles per second is the frequency of 
the alternating current. Fig. 37 illustrates the cycle 
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iHj^ecvals of time, and the streii^h'df 
jmy ustaht rq^ment^ by the^ length of the'oininf^ 
above orJE^ow the Hhe X Y, attordu^ to'^n^het^ . 
positiv^oir negative. Starting at the point the 
cnirent value is zero, as we .eoiitihueHdohg the' line 
X Y it increases in value till at the point M it is at a 
makimum: It then #ninishes till at the point 2 it 
h again zero; then changing its direct ion of flow 



Fig. 37. 


round the circuit it reaches a negative maximum at 
Ml : after which it again falls to zero. A fresh cycle 
of changes is then commenced. If an ampere meter be 
included in an alternating-current circuit, its readuig, 
ance the current is constantly va^ing, yiU be sonie 
intermediate value between the limits of the variations. 
It might perhaps be thought that this reading would 
Ibe the mean-or average value of the current, but this 
is not the case : the reading shown by' the meter is 
the square root of the mean of. tlw squares of.. the ctn- 
rent. This value is termed the “virtual” Vulue Of 
the current. In the case of the voltmeter the readmg 
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;yolti>.aiid the -wadfe will therefthre't^^ 
’* vblts; The tesijn virt^ volts or - ' 
virtual |iai{fdres means, the value oH the direct and > 
cbiitihii<ms voltage 'oc current required to pr^lduce an - 
■'eqtial effeet'.'''’;-" ■' , ^ 

Suppose the ampbre meter to be first calibrated by 
meahsof a direct current ; then if the meter is used on . 
an alternating-current circuit and gives a reading of, 
say, 100 ampbres, that really indicates that the current 
in the circuit rises to a maximum value of 141 -4 amps. 
and then attains a negative ma.ximum of the same 
value. 


Alternating-Current Dynamo 


An alternating-current dynamo consists essentially 
of a powerful electro-magnet known as the field-magnet, 
between the poles of 


which a system of con- 
ductors is caused to 


^LEM>ST0 

i/T 


rotate. Fig. 38 shows ^ v 

a simple alternator, Fi ^jj 

and Fj are the poles , 
of the field-magnet, A ^ 

the armature winding pjj I 

which is caused to ro- | 

tate, Si and S* are two iia 3S^ 

metal rings known as 
the sUp-tings iasulated 
from each other and 

from the shaft on which they are carried, B and 
Bi are brushes, which, together with the slip-rings, 
effect and maintain eleetrical connection between 
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thQ armature winding and the e;h:cnitil « |>art < of 
the circuit. The field winding is exceed. j>y means 
of a small direct<nrrent dynamo carried on^the shaft 
of the alternator. If a conductor is cut by lines of 
magnetic force an E.M.F. is induced in it. The induced 
E.M.F. is proportional to the rate at which the lines 
of force cut the conductor, and the polarity of the 
induced voltage is determined by the direction in 
which the lines of force are cut. Suppose, now, the 
armature coil P, Fig. to be rotated at a uniform 
speed between the poles of the 
field-magnet, the angular velocity 
will be constant, but the velocity in 
a horizontal direction will vary, 'ITie 
coil, in turning through the first 30®, 
has nu)vcd in a horizontal direction 
from 1 to 2 in., turning through the 
second 30®, it has moved horizontally 
from 2 tt) 3, and in turning through 
the third 30® from 3 to 4. It will 
be seen, therefore, that the velocity in a horizontal 
direction increases through the first 90®, diminishes 
through the second 90®, increases again through the third 
90°, and diminishes through the fourth 90°. It will also 
be noticed that the coil in moving through the second 
180° is cutting the lines of force in the opposite direc- 
tion, the voltage induced in the rotating conductor 
Will therefore be of an alternating nature,. changing 
pieriodically in magnitude and direction. Fig. 37 
shows the variations produced for one complete revolu- 
tion of the armature coil. If the coil is rotated in a 
uniform magnetic field, the voltage, at any instant is 
proportional to the sine of the angle through which 
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the coil has^ turned. The frequency of an alternator 
is determined by the number of pairs of poles on the, 
field-magnfit an^by the number of revolutions of the 
armature per second. On a two-pole machine, the 
frequency, therefore, is equal to the number of revolu- 
tions per second. By increasing the number of poles 
on the field-magnet, the required frequency can be 
obtained with the armature revolving at a lower speed. 

For this reason most alternating-current machines 
have a number of pairs of poles on their field-magnet. 

In a practical alternating machine, the armature wind- 
ing is not a simple rectangle of ware as sho^vn in Fig. 
fl8, but consists of a number of conductors, which may 
be ct)nnected cither in series or in parallel with each 
other, and arc, of course, wound on a laminated soft 
iron core. In some machines as, for instance, in that 
already described, the lield-magnet is stationary, and 
the armature revolves, in other machines the armature 
is stationary and the lield-magnet is caused to revolve. 

In this case tlie direct current used to excite it is 
supplied by moans of slip-rings and brushes. The 
moving part of the macliine is termed the rotor, the 
fixed part the stator. It is usiual in machines having 
a large output, to employ a stationary armature and 
a rotating field. 

Motor-Genkr.\tor 

A motor-generator consists of a direct-current sliunt- 
wound motor, coupled to an alternating-current 
dynamo. Its purpose in wireless telegraphy is to 
convert a direct current into an alternating current. 
The field-magnet of the alternator is excited from the 
same source of current as that which drives the motor. 
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. Another type of alte^ating machine frequently' met 
with on wireless installations is the rotary converter, 
lit construction the machine is exactly the same as 
’ a direct-current shunt-wound motor, but haS, in addi- 
tion toi the commutator, a pair of slip-rings which are 
connected to two points on the armature winding, 
180’ apart in the case of a two^ole machine, 90® 
apart in the case of a four-pole machine. If a direct 
voltage is applied to the commutator, the armature 
will rotate, and the armatiire conductors will cut the 
lines of magnetic force emanating from the field- 
magnets, and an alternating voltage will therefore be 
induced in them. If a circuit is connected acros.s the 
slip-rings the alternating voltage produefed by the 
rotation Of the armature conductor^, will set up an 
alternating current in it. 4 

The voltage at the slip-rings of a rotary converter 
bears a direct relation to the terminal voltage on the 
direct-current side. If the voltage across the com- 
mutator is, say, 100 volts, ihe maximum value* of the 
allfrnating voltage will be 100 also, and the virtual 
. vali& of the. alternating volts will therefore be 70*7, 
a^uming the machine los.ses to be negligible, and the 
. power factor of the alternating circuit to be unity ; the 
current on the alternating-current side will, since the 
input and output are equal, be 1’41 times that on the 



direct-cturrent side. As ah example, suppose the pow^ 
Chostfmption on the direct-current side to be IJOOQ 
wattt, at 100 volts, the current will be 10 amp^es. 
■ On the alternating-current side the voltage will be 
70-7 and the amp^age 14*1. 


Alternating-Current Circuits 



Fig. 40 shows an alternating-current circuit having 
resistance and inductance. The current in a circuit 
of this kind, will vary directly as 
the electromotive force and inversely 
as the impedance of the circuit. 

Impedance may be defined as the 
sum total of all the forces opposing 
the current in the circuit. The WWKflflJ 
impedance is determiijed by the 
ohmic resistance and the inductance 
of the circuit, and by the frequency 
of the current. The relation between 
the curre^^trt^electromotive force and 
the impedance is shown by the. 

*E 

formula C where C equals the 

V/?* + (2irNLY 

virtual amps., E equals the virtual volts, R the ohmic 
resistance, N the frequency, L the inductance, and ir 
3-1416. The quantity* Vi?* + {2'nNL)^ is the impe- 
dance of the circuit. In an alternating-current cirfcuit, 
the inductance of which is great compared with its 
resistance, the controlling factor in determining the 
strength of the current will be the inductance. Induct- 
ance, as we have alread 5 ' seen in a previous chapter, 
produces a back electromotive force in tjie circuit, 


Fig: 40. 

Alternating- 
current cir- 
cuit having', 
resistance* 
and 

inductance. 
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This back E.M.F. is greatest when the rau- of cliange 
of the current is greatest, and zero when the rate ot 
change of current is zero. The reactive impulses of 
E.M.F. will tlierefore be e.vactly 9(1° behind the cur- 
rent. To ascertain what voltage is required tti pro- 
duce a current of given strength in an .dternating- 
current circuit having inductance, it is‘nrces.sary to 
take into account this back E.M.F. The back IvM.I*'. 
or reactive E.INI.F., as it is called, due t(» tin; induc- 
tance of the circuit, is equal to 'InSLC wJiere A’ the 



frequency, L the inductance of the circuit in henries, 
and C the current in amperes. As an example, sup- 
pt»se the circuit to have a resistance of I ohm, an 
inductance of -OOl henry, the frequency of the current 
to be 100, and the strength x)f the current to be 10 
amperes, the reactive E.M.F, will be 6*28 volts approxi- 
mately. If the circuit were non-inductive, 10 volts 
would be required to produce a current of 10 amperes, 
but to produce this current against the reactive E.M.F., 
will require a greater E.M.F. than 10 volts, but not 
10 -f 6-28, as the reactive E.M.F. is 90° different in 
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phase from the current. Let the line A B, Fig. 41, re- 
present tlie voltage required to produce a current of 10 
amperes through a resistance of 1 ohm, and the line 
A C the voltage required to produce a current of 10 
amperes through an inductance of -OOl henry, as this 
voltage is 90"^ in advance of the current, the line A C 
is drawn at right angles to 'A B. If C and B are now 
connected, a right-angled triangle is formed, the 
hypotenuse of which will give the voltage necessary 
to produce the required current. In the example given, 



Jig. 42. 


Showing lagging due to inductance. 

this voltage is 11 *79 volts approximately. In a direct- 
current circuit the power in watts can, since it is the 
product of volts and amperes, be found by multiply- 
ing together the readings of the volt and ampere 
meters. In an alternating-current circuit having 
resistance only, the power in watts can be obtained 
in like manner. If, however, the circuit has indpe- 
tance, we can no longer rely on the product of the 
meter readings to give us the power in the circuit. 
This is due to the fact that the inductance in the cir- 
cuit produces a back E.M.F.. which chokes back the 
current and so creates phase difference. In other 
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words, the. 

teter than the volts, 42:1^1WS fhe 
"produced by inductance, /nie number of degrees 
. thrbugh which the amuitnre .^^tates between the 
, attainment of maximum volts and maximum amp^es 
is termed the angle of lag, and the cosine of t^is angle 
is termed the power factc^ of the circuit. * The power 
in an altematiog., circuit having, inductahce is given 
by the product orvoits, amperes, and power factor. 

A direct and continuous-current circuit must of 


necessity consist of a conipletcly closed path of- con* 
ducting material. In the case of an alternating cur-' 



rent, the circuit may consist in part 
*of a condenser, the dielectric of 
which br^ks the metallic continuity. 
Fig. 43 shows a circuit consisting of 



a condenser, connected to the 
terminals of an alternating-current 


Fig. 43. machine. Wllen the machine is 


started, a current will flow in 


the circuit until there is a difference' of potential 
at the condenser terminals, equal to the E.MlF. 
of the machine. When the alternating E.M.F. 
reverses, the condenser will recharge in -the opposite 
direction. It will be seen, therefore, that although 
the metallic continuity of the circuit is broken by the 
condenser dielectric, it is still possible for an altema- 
t^g current to flow in it. If the capacity of the con- 
denser is small, a small quantity of el^tncity will be 
suflidjent to charge it to a voltage d^ual to the E.M.F. 
of the machine; if the capadty is increased a, larger 
quantity is required to charge it to the same vbhage. 
It will therefore be .seen |ihat a ^foqdenser in an 



alfenisitii^curcjaiiir reduce ol the c^ent, 

andthesiftaller thie capacity of the condenserthe greater 
will be the, reduction in the current, strength. As in 
the case o! an alternating-current circuit having induc- 
tance, the current will vary inversely as the impedence, 

which in this case equals' V:^‘+ \%iNK)* when K 
equals the capacity in farads. To find what^ voltage 
is necessary to produce a current of given strength in 
an alternating circuit having resistance and capacity, 
the same procedure as in the case of the inductive 
circuit may be adopted, that is, the voltage necessary 
to produce the current through the resistance of the 
circuit, should be added vectorally to the voltage 
necessary to produce the current through the capacity 

C 

reactance, this latter will equal — ■ ■ . Capacity 

in an alternating circuit produces a phase difference 
by causing the ampdres to attain 
their maximum value before the 
volts. When the potential differ- 
ence at the condenser terminals is 
zero, the flow of current in the 
circuit will be greatest, as the con- 
denser charges, a back E.M.F. is 
produced which lessens the' current 
till, when the condenser reaches a potential difference 
equal to the E.M,F. of the machine, the current 
be zero. As. in the case of an inductive circuit, the 
power, will equal the product of volts, amp^esj and, 
power "factor. Fig. 44 shows an alternating circuit 
having resistance, inductance, - and capacity. The 
current in such a circqit will vary directly as the 


rwM/ww 



Fio. 44. 
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E.M.F. and inversely as the imped nee. 71“? imjx'dance 

in this case will equal Jr* ^2nNL ~ ) 

As before, the voltage necessary ,to produce a current 
fof given strength can be found, by vectorally adding 
the volts necessary to over^me the resist^ce of the 
circuit to the volts necessary to, overcome both the 
mductive reactance and the capacity reactive. As 
the volts necessary to irvcrcome the inductance react- 
ance are 90® in advance of the current, and those 
necessary to overcome the capacity reactance arc 90® 
behind the current, the voltage necessary tt» overcome 
the total reactance of the circuit will equal 2itNLC - 

Q 

The power in a circuit of this kind will e(]uul 

aTT A A. 


the product of volts, amperes, and power factor, and 
will have its maximum value when the inductance 
and capacity of the circuit are so proportioned that 
the inductive reactance equals the capacity reactance. 


This will be the case when 2ir NL 


1 

27rNK 


, the 


circuit will then behave as if it had resistance only, 

U 

and will follow Ohm’s law C — — . When an alter- 


nating circuit has been so adjusted that the capacity 
reactance, exactly equals the inductive reactance, it is 
said to be in resonance, as the natural frequency of 


the circuit — given by the formula 


2irVCL 


-will equal 


the frequency of the alternating-current machine. If 
the capacity is connected to the circuit through the 
windings of an alternating-current transformer, the 
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natural frdcjucncy of^the circuit will equal 


1 

2ir T VCT 


where T equals the transformation ratio. This is ^e 
da^ with mos^ wireless transmitters. The ciremts 
are adjusted to resonance by means of an iron-cored 
variable inductance known as a reactance regulator. 
If a watt meter is connected in circuit, the attainment 
of resonance will be indicated by the watt meter 
giving its maximum reading. The attainment of 
resonance is also indicated by the volume of sparking 
at the discharger and by the maximum reading on 
the aerial ampdre meter, the open and closed oscillatory 
circuits, of course, being in resonance with each other. 


Altkknatin(;-Ci'kkent Tkansfokmers 

In stations intended for long distance working it is 
necessary to use much larger energies than an induc- 
tion coil is capable of dealing with ; recourse is there- 
fore ^lad to an alternating-current transformer, which 
can be built for practically any power required. The 
purpose served is exactly the same as that served by 
the induction coil, that is, to step up or increase the 
voltage of the current u.sed to cliarge the condenser. 
In construction it is somewhat similar to the induction 
coil. It consists of a laminated soft iron core on which 
is the primary winding of large-gauge copper wire. 
Over the primary winding is the secondary, which 
consists of many more turns of wire but of smaller 
gauge. There is no need for an interrupter on the 
primary circirit, because the current supplied being 
alternating, the lines of force will cut across the 
secondary coil as thcy-ri§e and fall, and an E.M.I*. 
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wiU be thei%fpre indttc6d in it, The transformer 
Fig. ^is imq^ as Rn o^rc^ transformer, 

' ' ' '" -the magnet^’’ 

■ j, ;? circttit; i- f' con^tii’ 

• >L ik -XN" ’^paAllt.-of" the iron 

toooQ^J a«£^ 

, fdiosed*epre trans- 

irrowi^ " 

sisting of a com- 
pletely closed {rath 
Fio. 45. of magnetic 

Alternating-current transformer. material. fllC 

closed-core type is 
preferable, as there is less magnetic leakage than with 
the open-core t 3 tpe. The magnetic leakage can be 


still further reduced by 
making the cure a long 
rectangular shape (Fig. 46), 
and winding the coils on the 
longer limbs. The leakage 
path is chiefly from one end 
of the coil to the other, and 
by lengthening it, its mag- 
netic reluctance is increased 



Fig. 46. 

Transforiiier with closed 
core. 


and the leakage’ conse- 
quently reduced. The ratio of, the voltages at 
the terminals of the primary and secondary windings 
will be equal to the ratio of the number of turns on 
the two windings. Whatever the ratio of the voltages, 
the currents will be approximately in inverse ratio, 
as apart froiq thettriuisformaiion losses, the input and 
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output reckqned in watts will be equal. 9a ex^ple, 

suppose ther^ ;i^e jtimes as ' on tbe 
s^eopdi^ as tb^.are on the prim^, tiionthev^t^e 
at the secmd^ terminals .|rill be lOO times 'as greO(^ 
^.the ydlta|;#it tjtie primaiy, and the current in the 
s^nda^ will be approximately of the prinu^ 
current. * ' • , 

If no current is taken from the secondary winding, 
the primary acts almdst entirely as a. choking coil, 
only allowing sufficient current to flow, to produce the 
necessary pi^^etic field and to supply the power 
absorbed in the winding and the core. When the 
secondary circuit is completed, and current taken from 
it, the magnetic flux cutting the primary is reduced — 
as the secondary current is flowing in the opposite 
direction to the primary current — and the back E.M.F. 
produced by it is lessened, thereby .allowing a greater 
current to flow in the primary circuit. As the second- 
ary current increases, so will the primary ctirrent 
increase. A small transformer may be air cooled, but 
larger transformers are usually immersed in oil in order 
to prevent an undue rise in temperature and to im- 
prove the insulation of the secondary Avinding. For 
the purposes of wireless telegraphy it is usual to supply 
current at from 100 to 500 volts, and to step it up to 
20,000 or 30,000 volts. 

Meters 

The VoUtneter, The Amptre Meter, The W<Ut Meter, 
The Frequency Meter 

A voltmeter is, essentially, a galvanpmeter so con- 
structed' that the scale -readings are proportional to 
the difference of potential between the two points of 

5— (jiOSS) * 
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the circuit to whicli it is connected, i’o effect this, 
it is essential that the rc.sistance of the instrutnint 
should be so great, that the internal resistance of tiu* 
battery or dynamo, whose voltage it is required to 
measure, shall not appreciably afieci^^ttie strength of 
the current passing through it. As an example, if a 
galvanometer having a resistance of, say,^ ohms, is 
connected across the terminals of 100-volt dynamd, 
having an internal resistance of 2 ohms, the curreht 
passing through it will be 14*28 amp. (approx.). Now 
suppose the galvanometer is connected*, across the 
terminals of a lOO-volt machine having 
^ 0 0 0 0 ] a resistance Of 5 ohms, the current will 
be 10 amp. and the deflection of the 
needle much less, though tin* voltage 
of the dynamo was the same in the 

Y two case.-. Now suppo.se the galvan- 
• omoter resistance to be increased to 
5(M> olmis, the strength of tlie current 
will be *199 amp. approx, in the first 
case, and *197 amp. approx, in the second case.. As 
the currents are practically equal, the deflections of 
the galvanometer needle will also be ecjual. A 
voltmeter is alway.s connected as a .shunt across the 
two points, wh(jse difference of potential it is required 
to measure. Fig. 47. 


a 


"O- 


Volts 


Amps. 

To SOORCF 
OP Power 

Fi<i -t7. 


Construction of Voltmeters 

Volt and ampere meters may be classified according to 
their principle of action, or according to the class of 
circuit, on wh\ch they can be used. Classifying accord- 
ing to principle of action, we have electro-magnetic 
instruments, thermal instruments, electro-static 
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instrunionis, and induction instruments. It is 
proposed here only to. describe the hot wire meter, 
and the moving coil meter, both of which arc suitable 
for use on an alternating as well as on direct-current 
circuits, and ’^frequently form part of a wireless 
installation. 

The Hoi Wire Voltmeter 

’“This instrument consists of a fine platinum wire, 
stretched between two terminals, to the centre of the 
wire is attached another very fine 
wire of phosphor bronze, the other 
end of which is fixed. To the centre 
of this second wire a silk thread is 
connected, which passes round a pulley 
on the spindle of the' pointer and is 
then attached to a spring. When cur- 
rent passes through the platinum wire 

^ . . • 1 , • i Hof wire volt- 

its temperature is raised, and owing to meter 
the expansion of the wire a sag is H. riatiniini wire. 

, j . r Broiizf wire. 

produced, the sagging of the wire t. suk thread, 
enables the spring to move the s.‘ strint;' 

. . ... 1 j 1^- Resistance. 

pointer. The pomter is prevented 
from oscillating by an aluminium disc carried on the 
spindle and moving between the poles of a permanent 
magnet. As this instrument depends for its action 
on the heating effect of the current, the scale will not 
be evenly divided. The heat produced varies as the 
square of the current, the divisions on the scale will 
therefore be proportional to the square of the current 
passing' through the wire. An adjusting screw’ is pro- 
vided by means of which the pointer can be brought 
exactly to zero. As the resistance of the platinum 
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wire is of itself insufficient, a high non-inductive re- 
sistance is connected in scries With it^ this resistance 
is sometimes incorporated in the instrument itself, 
and sometimes supplied as a separate unit. * If a 
voltmeter is lefi permanently connected td the circuit, 
a certain amount of power is consumed by it. To 
prevent this it is usual to provide a switch, the closing 
of which will enable a reading to be taken, the switch 

being open at all other tim^. 

■ ■ *• 

The Mooing Coil Vottmeter 
This instrument consists of two cods each of a few 
turns, connected in series with each other. One coil 
is hked, the other coil is capable of 

H f-M rotation, and in the zero position is at 

right angles yith the fixed coil. If, 
now, current passes through the coils, 
the magnetic fields built up around 
each of them tend tp turn the moving 
coil, till its winding is parallel with that 
* ^ of the fixed coil. The twisting force 

Fig. 49. exerted by the magnetic field is acting 

of against a spiral spring,, which brings 

meter. the needle back to zero when the 
Fixed cou. cuiTent ceases to flow. The usual 
TheMicatingneedie high non-inductunce resistance is 
vindtf^ connected in series with the coils, and 
as the reactance is small compared 
with the resistance, it can»be used on an alternating, 
as well as on a direct-current circuit. 

Amfire Meters 

An. amp^e meter is essentially, a galvahometdr, 
whose scale h^ been no graduated that t^e pointer 
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moving across it indicates the strength of the corrent 
flowing in the circuit directly in amperes. An ^pSre 
meter is eoimected directly in the circuit, and for this 
reason its resistance must be kept at a low value. 
The working part of the instrument hW, connected in 
parallel with it, a conductor of low resist|mce, so that 
only a small, but known fraction of the ct^rent passes 
through it. This low resistance conductor is known 
as a shunt. As in the Sase of voltmeters, ampere 
’’meters may be classified according to their principle 
of action, or according to the class of circuit on which 
they can be used. 

The Hot Wire Ampire Meter 

The working part of the hot wire ampere meter is, 
in construction, exactly the same as the hot wire volt- 
meter. Connected across its terminals is the low- 
resistance shunt through which the greater part of 
the current passes, only a small known fraction passing 
through the platinum wire. Fig. 47 shows how the 
instrument should be connected in circuit. 

Moving Coil Ampere Meter 

The working parts of this instrument arc exactlj' 
the same as the working parts of the moving coil 
voltmeter. As the total resistance of the coils is low, 
and the gauge of the wire used sufficiently large to 
carry the whole current, the shunt is dispensed with. 

The Watt Meter 

In a direct-cuirent circuit the power in. watts can, 
since, it is the product of volts aijd amp^es,*t>e obtained 
by multiplying together the reading on the volt and 
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arhpdre meters. The power may, however, be read 
directly, providing an instrument known as a watt 
meter is connected to the circuit. In the case of an 
altemating-currcmt circuit, the use of a watt meter is 
essential, as the product of the volt and ampere meter 
readings will^be in excess of the true power, as most 
usually some phase difference exists between the 
volts and ampdres. In construction a watt meter is 
similar to the moving coil instrument already described, 

except that the coils are not 
in the same circuit. The 
fixed coil is connected in 
series in the circuit, and 
therefore carries the whole 
current, the moving cj)il 
is connected ii} series with a 
high non-inductive resih- 
tance and the two are then 
bridged across the circuit 
in the same way as a volt- 
meter, owing to the high 
resistance, the current in this coil is proportional to 
the volts. The passage of a current through the two 
cf»ils will build up a magnetic field about each of them, 
and the movable coil will tend to turn so that its 
winding becomes parallel with that of the fixed coil. 
Suppose, now', that the alternating circuit has been 
adjusted to resonance, the volts and amperes will be 
in phase with each other, and the current in the two 
coils will reach their maximum values at the same 
time. The maximum twisting force is therefore exerted 
on the movable coil, and the indicating needle will give 
the largest scale reading. Suppose now that there is 



Showing method of 
connecting watt meter 
to circuit. 

F. FiXfd 0>il, 

M. Moving coil. 

R. Resistance, 
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a phase dilfcrcnce of 90° between the volts and amperes, 
•when the current in one coil is at its maximum value, 
the current in the other coil will be at zero, conse- 
quently, as no twisting force is exerted on the movable 
coil, the indicating needle will not be displaced. For 
any phase difference between 0 and 90 the deflection 
of the needle will be proportional to the product of 
volts, amperes, and cosine of angle of lag, and the 
true power in the circuit is therefore indicated. Fig, 
50 shows the method of connecting a watt meter to 
the circuit. 

The Frequency Meter 

The frctpiency of an alternator is determined by 
the speed of its armature and the number of pairs of 
poles on its lield-magnet. If means are available for 
ascertaining the speed of the armature per second. 



T. Top «»f iiKigiu't. 
Sj, Sg, S3. RootU. 



Fig. 52. 

r. Top of ni.iguc't. 
C . Coro. 

W. Winding. 

S. RtTds. 


the frequency can be found by multiplying the pairs 
of poles. The freciuency can, however, be read directly 
if an instrument known as a frequency meter is con- 
nected in circuit. The meter consists of an electro- 
magnet, having a well-laminated soft iron core, and a 
high resistance winding. Fig, 51 shows the magnet 
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{i3w aHd Ftg. secticm, A niunb^ of soft irtm 
strips^ or m aro arrangodl roRiid.ti^ magnet, th^ 
en<k beii^ in dose proximity to t]ie|K>le of the inagnd:< 
£adt of these ree<k ^ so constiiidi^ as ;.to vihtote ' 
to a cf^am deMite the j^ 
of a tuning-fork. Suppose nbw Aw Sterna cuiv 
rent to through the;Coil, the iron core is mag- 
netised iii one direction, by the first halfH^yde of cur- 
rent, and in the opposite direction by the second half 
of "each cycle of alternating current, in cither case an 
attractive force is exerted on the reeds and they are 
attracted towards the magnet. The reed, whose fre- 
quency k the same as that of the current impulses 
passing through the magnet coil, will, by the action 
of resonance, attain a much greater amplitude of 
vibration than one whose frequency is different. 
Generally, the reeds on either side of the resonant 
reed, will be in vibration, as their frequencies are not 
very different, but the amplitude attained by them 
is noticeably less, while those having considerably 
different frequencies are quiescent. The instrument 
is connected to the circuit in the same way as a 
volfmeter. 

Motor-Starting Switch 

The resistance of the armature winding of a motor 
is low, and if the full voltage of the supply mains were 
applied to it while at r$st the result would be that 
the insulation would be destroyed, owing to the heat- 
ing of the conductor by the very large c^irrcnt which 
would pass. When the motor is running an E.M.F, 

' is set up due to the fact that the armature coils are 
revolving, in a magnetic field ; the E.M.F. so generated 
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is in opfic^tc^ tp that of 

tot^ a^iipgion the armature b- therefore 

" Jbetweeh. thn two* , It is th^cefoire neces> 
j the tini^ tltie mot^ is stmrtihg to place , a 
^ in series uuih the armature winding to keep 
the current thp)tt|^ it row; Thb is done by means of 
a piece of apiMuattts known as a starting switch. 

The starting switch (Fig.’^SS) performs the following 



Fig. 53, 

Motor starting switch. 


opcratioi\s and in the order named. When moved 
from its position of rest it first makes contact witfi a 
segment which completes the circuit through the field 
coils, which "are then fully excited, it next closes the 
circuit through the armature of the motor, the starting 
resistances being in. scries with it. As the motor 
gathers speed the switch arm is moved further roimd. 
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and the resistance diminished step by step until, when 
the motor has attained its maximum spoi d, tiiey ai'e 
Anally cut out altogether. In starting the motor, 
the switch should only be kept on each segment long 
enough for the motor to attain its top speed for that 
segment and then moved on to the next. If this is not 
done, and the arm is kept foo long on one segment, it 
may result in the heating u^ of the starting resistances. 
Referring to the diagram, M is an electro-magnet whose 
coil is included in the main circuit, the function of this 
magnet is to hold over the arm of the switch while the 
motor is running, and if from any cause the supply 
current is cut off from the mains "the arm will bo 
released, and by the action c*f a spring will bo carried 
to the off p<»sition. The motor will thus be protected 
from the damage that would occur if it had come to 
rest and the .suppl)- current was switched right on flic 
armature without the starting resistance being in 
series with it. M, is also an electro-magnet whtise 
coil is included in the main circuit. The function of 
this coil, which is termed an overload release, is to 
automatically cut off the supply current should it 
from any cause rise to dangerous proportions ; it 
docs this in the following way. The coil is furnished 
with an armature so arranged that the normal current 
flowing through the coil is insufficient to attract it, 
but if the current is inci’cased beyond a cert^n value 
the armature will be pulled down and when in this 
position will short-circuit the coil of the magnet M, 
and the switch arm being thus released will move 
over to the off position. 

Referring again to the diagram, b' is the field- 
magnet coil, A the armature of the motor, ,Ri, Rj, Kj, 
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and R4 the starting resistances, and R is a resistance 
abojjt equal to the field-magnet coils. It will be seen 
that when the motor is €topped the arm of the switch 
in moving back to its position of rest will put this 
resistance in parallel with the field coils before their 
circuit b broken, the^uhetion t)f the resbtance being 
to take up the current induced by the opening of such 
a highly inductive circuit as the field-magnet ; if thb 
precaution were not taken it is probable that the 
insulation of the field-magnet coib would be damped. 
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Ait&ogeaieni of Recdi^ GfCuit»-^^nstraction of Toners-^ 
Range of Ttmiers^lVoteetive Devices 

In the earliet forms of receiver the detector was in- 
sertM directly in the base of fte aerial. With 
5och an arrangement, owing to the damping of the 
oscillations by the detector, little use could be made 

' of resonance and the de- 
tector would be actuated 
by oscillations of any fre* 
quency which were in the 
aerial. 

Tlie present-day practice 
is to place the deteetpr in 
a subsidiary circuit which 
is either directly or induc- 
tively coupled to the aerial 
circuit. The arrangement 
of the circuits when direct 
coddling is used is shown 

Circuits Irf directly conpled ^^{2.54, fhe twier Con- 
fcctnver. . * ^ 

* sists of a form^lpf ^nie 

insulating material wound with insulated cdfpM* wire, 
,«the insulation Of the wire being rmnoved for a small 
spa^ on each turn to enable metallic connection to jbe 
made by a ^ding contact. The tuning is effect^ % 
varying the amount of the inductance in the aerial 
circuit and the coupling of the detector circuit i| also 
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^ sliding cdiiijtets, thft position 
of how much of th^. inductance is 

^o^^iooK^ 'to 'bdth ck^ 

So^ an arrange^t has the merit of simplicity 
inasmudu as thore is .only one variable and if the coil 
is of fair size a large’ range of wave-lengths can be 
covered. In i^ctual use it has been found that the 
sliding contact is apt to become dirty andUnake in- 
different contact with the coil, which by introducing 
resistance increased the damping, and thereby weakens 
thf signals. 

When using a timer of this kind it is not possible 
to get very fine tuning, but as a call-seeking device, 
or where by reason of inabiUty to secure highly skilled 
•perators extreme simpUcity is necessary, it has its 
advant^es. 

The method of inductive coupling is the one most 
generally used, the tuners usually consist of three 
circuits, a primary or aerial circuit, ti secondary cir- 
cuit Afhich is toned to the primary and coupled to it 
and a tertiary circuit which is untuned and contains 
the detector. 

The coils for such a tuner should preferably be 
laminated — ^that is to say, instead of using a solid 
coppef wire a conductor built up of a large number of 
very st^ah insulated wires laid side by sidet^should be 
used. reason for this is that when a conductor 
is trav^PIp by high-frequency .currents,, the current 
tends to confine itself to the surface and penetrates to 
no . appreciable depth ; the resistance of the wire is 
therefore many times higher for currents of h^h fre- 
quendjr than for steady currents. As, however, a 
conductor built up of many insulated strands has a 
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very large surface, the difference between its resis- 
tance to high-frequency currents and its r^istance for 
steady currents >¥111 not be great, as wduld be the 
case with a solid conductor whose surface is small 
compared with its cross-section. It is also advisable 
that the coils should not be too closely wound, as close 
winding tends to confine a high-frequency current to a 



Fig. 55. 

Circuits of inductively coupled tuner with intcnncdi.'ite circuit. 


certain part of the surface of the wire, and this also, 
it will be seen, would still furtlier increase the resis- 
tance. Fig. 55 shows diagrammatically the arrange- 
ment of an inductively coupled tuner. As t^l be seen, 
the tuning of the primary circuit is cfiecte«rby means 
of the variable inductance and the variable condenser 
which are in series with the aerial. The object of 
providing both a variable inductance and a variable 
condenser in this circuit is to enable the operftor by 
means pf the inductance, to tunc in wave-lengths 
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greater than the natural wave-length of the aerial,^ 
and by means of the condenser to. tune in wave- 
lengths shorter than the natural ^ve-length of the 
aerial. » . • 

The secondary or intermediate circuit is a closed 
and feebly damped circuit. It consists of inductance 
and capacity in series, the condenser being variable. 
(In the diagram the inductance is shown as'consisting 
of two coils ; this need not be, and in fact very often 
is not the case, but is so shown simply to make the 
diagram clearer.) 

The tertiarj'^ circuit consists of the coil fixed capacity 
and the detector. The function of the condenser in 
this circuit is to act as a shunt to the telephone, which 
by reason of its high self-inductance would act as a 
choking coil and prevent oscillations from being set up 
in the circuit. The capacity of this condenser to 
■produce the best results will depend upon the resistance 
and inductance of the telephone.': and also on the spark 
frequency of the transmitter. Generally speaking, if 
Wgh-resistance telephones are used, the capacity of 
the condenser is small, and if low-resistance telephones 
are in use the capacity will be greater. In some 
installations the capacity of this condenser is variable 
in steps, but the optimum value is not very sharply 
marked. 

The ^tion of the tuner is as follows. On the 
primary circuit being tuned to the transmitter from 
which it is desired to receive signals, oscillations are 
set up in it, and the primary acting inductively on the ^ 
secondary which is loosely coupled to it, passes the 
oscillations on ; the secondary circuit in turn acting 
inductively on the detector circuit. It will be seen 
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that if the coupling Is very loose no considerable effect 
can be produced in the secondary circitft except by 
resonance and it must therefore be exactly in tune 
with the primary^" Any oscillations of different period 
that may exist in the aerial circuit will not be passed 
on to the secondary and so are prevented from actua- 
ting the detector. The rejection of signals hot abso- 
lutely in tune is one of the chief advantages of the 

inductively coupled tuner, as considerable interference 

4 



Fig. S6. Fig. 57. 

from neighbouring stations working on only slightly 
different waye-lei^ths is avoided. In actual practice 
the tuners take different shapes, in some the coils are 
mounted on a rod on which they can slide and the 
coupling varied, by varying the distance between them. 

* In others the coils take the form of flat spiral^ mounted 
on sheets of ebonite which are hinged together like 
the leave^of a book and the coupling varied by open- 

* ing or dosijjg the leaves ^ig. 56). In the inost prac- 
tical form the tuner consists of two coils placed one 
withm the other, the inneriOne being so arranged that 
its pldne can be turned twough an angle of 90® and 
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the coupling^ thus varied (Fig. 57). The tertiary in 
this case is not a separate coil, but is formed by tapping 
off a few turns of the secondary (Fig. 58). 



Fig. 58. 


Wave-length Range of Tuner 

The wave-length range of a tuner is determined by 
the variability of the capacity and the inductance of 
its circuits. As regards the aerial circuit of a tuner, 
it is usual to make provision for varying both the 
inductance and the capacity of the circuit, but in the 
case of the intermediate and detector circuits the 
wave-length range is usually extended by the connec- 
tion in series, and in parallel, with the variable con- * 
denser, other condensers of fixed capacity. Take, for 
example, a timer circuit having an inductance (non- ^ 
variable) of 28,000 cms. and a capacity variable be- 
tween 'OOl of a mf. and -01 mf., the wave-length 
range would approximately be 100 to 1,000 meters. 
Now suppose it is desired to tune in wave-lengths as 
6 -< 6082 ) 


,82 WIRELESS TELEGRAt^HY 

-f- . • _ 

low as 50 meters from the formula A = 59*6 -y/CL, it 
is evident that the capacity of the circuit must be 
reduced to -00026 mf., this can be done by coimecting 
a condenser having a capacity of -00094 (approx.) in 
series with the variable condenser, if this latter is 
then adjusted to its lowest value (-001), the circuit 
will be tuned to a 50-meter wave-length. 

Now supposing that it is desired to tune in wave- 
lengths greater than 1,0(X) meters, a condenser having 
a capacity equal to the maximum capacity of the 
variable co^idenselr must be connected in parallel with 




Fig. 60 , Fig. 61 . 


Series condenser 
in use for short 
wave-lengths. 


Series condenser 
sharded. 


Parallel 

condenser in use. 


it, this will bring the upper wave-length limit to 1400 
meters (approx.), additional condensers may be con- 
nected, and the wave-length range so extended until 
the desired range is obtained. A good example of 
this method of extending the wave-length range is the 
Marconi Multiple Tuner described in Qiapter VI. The 
parallel condensers usually have a somewhat smaller 
capacity than the maximum value of the variable con- 
dense' to avoid any break in the wave-length range. 
In the case of the detector circuit of a tuner intended 
for use with a potential actuated device, such us a 
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carborundum cr3rstal, the wave-length range of the 
circuit is usually extended by the addition of induc- 
tance to the circuit. This n^ethod prevents the reduc- 
tion of the terminal voltage of the condenser, which 
would follow if the capacity of the circuit were increased 
by the addition of another condenser in parallel. 

Protective Devices 

When the transmitter is in use, it is necessary that 
the detector should be protected from the compara- 
tively heavy currents set up in the circuits of the 
receiver by reason of their proximity* to the trans- 
mitter. There are a number of methods of doing this. 
In the case* of the Marconi coherer set a long-arm 
switch is arranged at the side of the Morse key, which, 
when down or in the send position, completes the power 
circuit by connecting two contacts which otherwise 
form a break in the circuit, and at the same time by 
means of a cord passing over a pulley fixed in the 
ceiling above, it lifts the aerial rod from its socket 
and so isolates the coherer. It will thus be seen that 
the connection of the aerial to the receiver necessitates 
the opening of the power circuit, and should the Morse 
key be accidentally depressed the coherer will be un- 
injured, as no' current is supplied to the transmitter ; 
also it will be seen that before the transmitter can be 
brought into use the arm of the switch must be lowered 
to short the break in the power circuit, and that this 
cannot be done without at the same time disconnecting 
the aerial from the receiver. 

In other systems protection is afforded to tli^ detector 
either by providii^ it with a low-re^tance non-induc- 
tive shunt, or else by breaking the circuit in which it 
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is situated. The usual method of doing this is by 
means of auxiliary contacts on the switch used to 
change the aerial from- the transmitter to the receiver, 
so arranged, that when the aerial switch is over to 
send, the detector is either short-circuited or its cir- 
cuit broken ; and when it is in the receive, position 
the short-circuit is removed or the circuit completed, 
while the power circuit is broken. The method of 
breaking the detector circuit is the more usual and 
also the more satisfactory ()f the two, as it is difficult 
to provide an efficient shunt for the detector owing to 
switch near enough to the detector to avoid the use 
of long wires. 


Lie; HTNi XG Pkotkctoks 

That part of the tuner which forms part of the aerial 
circuit is protectc'd from liglitning, or any suddenly- 
applied high voltage, by means of a lincly-adjustable 
spark-gap connected between the aerial and earth 
terminals of the tuner. Should the aerial be struck 
by lightning, the gap is bridged by the spark, thus 
completing a path of low self-inductaiice to earth, 
through which the discharge can pass without damage 
to the working parts of the primary circuit. If the 
tuner is ccumected across an earth arrester spark-gap, 
an additional spark-gap on the tuner is superfluous, 
as the earth arrester gap performs its function. 

Prevention ok Atmospheric Charges on the 
Aerial 

The metallic continuity of the aerial circuit of the 
receiver is, in most cases, broken by the dielectric of 
a condenser, connected in scries in order to obtain 
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wave-lengths less than the natural wave-length of the 
aerial. An electro-static charge can therefore be re- 
tained and may be of such magnitude as to puncture 
the dielectric of the condenser, or should the aerial be 
touched by the operator he may experience a severe 
shock. To prevent the accumulation of these atmos- 
pheric charges, a metallic path between aerial and 
earth must be provided. This metallic path consists 
of a coil having great self-inductance, the purpose of 
giving it great self-inductance being to prevent the 
diversion of the received oscillations from the working 
part of the primary circuit. A conductor having 
great self-inductance will choke high-frequency 
currents. 



‘ CHAPTER IV 

DETECTORS OF ELECTRICAL .OSCILLATIONS 

Marconi Coherer Receiver — ^LodgeMnirhead Coherer— Electro- 
lytic Detector — Carborundum Detectof — Fleming Valve 
—Thermo-Electric Detectors — Magnetic Detector — ^The 
Telephone Receiver. 

The detectors used in Radio-Telegraphy may bi, 
broadly divided into two clasises : those that are 
^)tential actuated and those that are current actuated : 
the former are always joined across the terminals of 
the condenser, as the potential differences are largest 
there, and the latter or current-actuated variety are 
connected in series with the condenser. Detectors 
may also be further subdivided into classes — ^namely, 
imperfect contact devices, such as the Marconi coherer ; 
rectifying devices, such as the Fleming valve and the 
carborundum detector ; electrolytic detectors, as those 
of Fessenden and Schlomilch ; the thermo-electric 
type, formed of galena against graphite, and various 
other combinations, and those that depend for their 
action on the alteration of their magnetic properties : 
in this class is the Marconi magnetic detector. 

The Coherer 

The coherer, which is the result of the work of many 
men — ^Hughes, Lodge, Branley and Popoff among 
others — consists essentially of a small quantity of 
metal filings lying loosely between metallic electrodes. 
The first practical form of the device for telegraphic 
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purposes was brought out by Marconi, an^lSbnsisted) 
ot a very small^quantity of nickel filings, to« which . 
were a^ed a small percentage of silver filings, lying 
between silver electrodes haying bevelled ends ^ 
that the space between them, in which were the filings, 
was wedge-shaped. 

The purpose of thus bevelling the plugs is to enable 
the sensitiveness of the coherer to be adjusted. The 
most sensitive position is when the nose of the wedge 
is pointing downward and the reverse position is that 
of least sensitiveness. 



‘ Fig. 62. 

^ Marconi coherer. 

The plugs and filings are enclosed in a glass tube,- 
which is e:thausted to a partial vacuum, and the 
wires connected to the plugs pass out through the 
ends of the tube (Fig. 62). 

The coherer depends for its action on the fact that, 
if its terminals are subjected to a potential difference 
above a certain value, the resistance due to the loose 
contact between the filings and plugs suddenly falls 
to a much lower value ; some investigators think that 
ordinary electro-static attraction is a sufficient ex- 
planation of its behaviour, others hold that micro- 
scopic sparks pass between the filings and slightly 
weld them together ; however this may be, the fact 
remains that, after being subjected .to the potential 
differences set up by the oscillations, the resistance falls 
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enormously, and if the coherer is joimjcl up S\ ith a relay 
and cell, and the relay contacts joined up with a 
Morse writer and battery, the passaf(c oi eh-ctrical 
oscillations will be made evident by the clo -ing of the 
relay circuit and conse<juent recordinf; of signals. 
As, however, the coherer will not of itself K'sunu- its 
former high resistance a small clectro-magn»‘tic ham- 
mer is provided. to tap gently on its under side, and 
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Fic. 63. 

Circuits of .Marconi colicrer reccivi'r. 

by shaking tin; filing.s loose it restores the coherer to 
its high resistance and again rendt'rs it sen.sitive to 
oscillations. 

Fig. 63 shows the circuits of the Marconi coherer 
receiver. The aerial circuit consists of tuning 
inductance and primary of oscillation transformi'r 
joined in scries and connected to aerial and earth. 
The secondary winding of the oscillation transformer 
is cut in the middle but its continuity for electrical 
oscillations is preserved by the insertion t)f a condcn.ser. 
To the ends of the secondary winding is connected a 
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v'ariablc condenser lor tuning it to the primary and 
across this l.itter is the coherer. 

Tlie relay with a single dry c<dl in series is connected 
across the; condenser inserted in tJie break of the 
secondary winding. To the contact terminals of the 
relay are joined a battery of cells in series with the 
Morse printer, and in parallel with the printer is the 
tapper, the function of which is to shake loose the 
filings in the coherer 
after it has been 
actuated by the 
oscillations. 

Owing to the high 
self-induction of the 
rt‘lay, printer, and 
tapper coils, it is 
essentiiU that they 
and also the cemtacts Fig. 64. 



of the rela>’ and 
tapper .should be 


^larconi dccoherer. 


shunted by high non-inductive resistances to eliminate 
th(' sparking which woidd othcrwisi* occur and which. 


though small, would be sufficient to actuate the 


colicrer. 


The adjustment of the v'arioiis circuits and pieces 
of apparatus comprised in the above-de.scribed set is 
usually thought to be a difficult matter, but if it is 
systematically done it will be found fairly simple. 
The operator shmdd proceed as follows : first, by means 
of the adjusting screw set the magnet of the tapper as 
far away from its armature as is possible, then adjust 
the knob of the tapper so that it is at -the distance of 
about one millimeti'c from the coherer. The next step 
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is to tiiiii the adjusting screw of the relay till the local 
circuit^oSes and then to slowly turn it in the reyerse 
direction till it just opens. Test letters sluinld now be 
sent on the busszer (the buzzer is a small tremWw move- 
ment worked by a dry cell, and constitutes a generator 
of feeble electrical oscillations), and at the same time 
the magnet of the tapper made to gradually approach 
its armature till* tlie strength of the beat is sufficient 
to give good sharp signals on the Morse printer. 

If the beat is too weak the signals will tend to run 
together, and if it is toc) sfrong they will be cut uji- 
that is to say, the dashes will appear as a series of dots. 
The whole of the apparatus above described, with the 
exception of the printer, is enclosed in a metallic box 
.to prev'ent damage to the coherer from the powerful 
oscillations which %vould be set up in the circuits when 
the transmitter was in use. 

f 

LonGE-MuiRiiEAi) Coherer 



This (coherer, which maj’’ 
be used cither with a 
telephone or with a sy- 
phon recorder, is con- 
structed as follows : a 
small metallic cup A (Fig. 
65) contains a globule of 
mercury on which is placed 
a small drop of oil, which 
forms an infinitely thin 
insulating film over it ; 


above the globule of mercury is a small iron disc 


with a sharp edge and which is slowly rotated. 


By means of an adjusting screw the lower edge of the 
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disc is made to touch the oU-coyered mercury, but the 
pressttfe is noTso as tp^pimcture^. the, film of dil. 
In'seri^ udth the coherer- joined 9 , diy cell and tele- 
phpne,^^i^er, or syphoih recorder, as the case ratty 
be, and' the passage of electrical osc^tions, by break- 
ing dow the insulting film of oil, allows the cell to 
operate the receiving instrument. This form of co- 
herer is self-restoring and needs no tapping arrangement. 

Electrolytic' Detector 

This detector consists of a platinum cup containing 
a solution of dilute acid. The cup forms one electrode 
and the other consists of a wollaston wire scaled into 
a glass tube, which is drawn out very fine and .then 
broken off, leaving only tlie cross-section of the Wol- 
laston wire exposed. Connection is made to the wire 
by means of the metal tube in which the electrode 
is mounted. The detector with high-resistance phones 
in scries with it is tapped across two points of a poten- 
tidmeter which has a battery across its terminals. 
The small current which passes through the detector 
polarises it — that is to say, gas is formed at the elec- 
trodes and the resistance thereby materially increased. 
If now the areangement be subjected to the small 
alternations of potential and current set up in a re- 
ceiving circuit by the impact of electrical oscillations 
it will be depolarised, and the resistance of the elec- 
trolytic cell falling, a small current wll pass through 
the phones and will be audible to the operator ; after 
the arrival of each wave train the battery again 
polarises the cell, the device being thus .self-restoring. 
To adjust the cell, the small electrode having been 
inserted in the holder and its point dipping into the 



92 


WIRELESS TELEGRAPHY 


electrolyte, the arm of the potentiometer is moved 
roimd till a hissing noise is heard in the phone}?, it is 
then moved back until the noise just ceases. The 
detector is then in its most sensitive condition. TJiis 
form of detector is in extensive use, and 
is very sensitive and reliable ; it has 
been found, however, that atmospheric 
disturbances, if at all strong, render 
the device insensitive, but not permanently 
so, as it restores itself in the course of 
a few seconds. The restoration may be 
ac<'eleratod by momt-ntarily increasing 
the voltage across its terminals by 
moving the arm of the potentiometer 
round a little. Fig. 66 .slunv.s the 
Wollaston wire electrode. 

C A R BOR I N DUM DkTECTOK 

The carborundum detector is very simple in con- 
struction, and ma\' consist simply of a small carborun- 
dum crystal held between two brass springs. It. works 
by virtue of the fact that carborundum bas what is 
termed unilateral conductivity. Supposing a crystal 
of carborundum be joined in scries with a battery and 
galvanometer and the current noted, and the poles of 
the battery reversed and the current again noted, it 
will be found that the two currents differ greatly al- 
though the electromotive force of the battery remained 
unaltered. This shows that for cun’cnts in one direc- 
tion carborundum has a very high resistance and is 
practically an insulator, but for currents in the reverse 
direction it is comparatively a good conductor. It 
will thus be seen that a crystal of carborundum can 
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Fig. 66. 
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act as a rectifier and change^ |p oscillatory or aH«^ 
nating current into a direct cwrrmt. Ma»y 
|„.,idt carlK,r»m;«m 

,,„„„| tlial l-i ■ •"■M 

unilafri..! 

(lie (n'f.il 

ullifi' Vv.; ti? ‘■W'N'--- tW' 

c!uiviuUv\>tv 'A ;v 

nu'tallu: conduclov and a cav- 

bornnduin crystal, and M'ill 

perhaps make the matter plain. 

*. * . . Voltages 

Curve 1 shows tlie relation 

rJo. t>/. 

between the voltage applied to 
a metallic conductor and the current jwoduced in it. 
The current, it will he seen, varies directly as the 
Q v'oltage. Curve 2 shows tJie 

^ — '~|***'y relation between ajiplied volts 

» ^ ^ and the current produced in a 

W p ^ X circuit containing a carbor- 

^ i undum crystal, The current in 

^ ^ this case is not directly pro- 

i P"^ I portional to the volts, it will be 

^ Sl seen that it increases slowly as 

^ tile voltage is increased, up to 
\2/ a certain point, after which the 

l>'iG. 68. cuiwe becomes much steeper, 

c. cryst.li. sliowing that a slight increase 

1‘. roteiitioinoUT. . 

T. Hisii rcsistiuiw. in voltagc after the optimum 

telephones. , . t i j 

1 ). Detector circuit of voltagc has bccH reached, causes 
a relatively large increase in 
the current passing through the crystal. The optimum 
voltagc is applied to the crystal by means of a battery 


Fig. 68. 

C. Crysttil. 

1‘. roteiitioinoter. 

T. Higli resistance 
telephones. 

D. Detector circuit of 
tuner. 
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of cells and a potenti^eter. If now, the Crystal i» 
subjected to small oscillatory dilferences of potential, 
a§ it is when signals are received from a distant trans- 
mitter ; that half of each cycle which is acting in the 
same direction as the cells will 'cause a relatively large 
increase in the current passing through the crystal and 

through the telephone receiver 
connected to it. That half of 
each cycle which is acting in 
opposition to the dells will 
cause the crystal current tb be 
diminished. The carborundum 
detector has a very high resist- 
ance, high-resigtance telephones 
should therefore be used, but 
low-resistance telephones may 
be used if connected to the 
circuit through the windings 
of a step-down transformer. 
To prevent too rapid a discharge 
of the cells, the potentiometer 
across which they are con- 
nected should be of com- 
paratively high resistance, say, 
500 ohms. It will be noticed that connection is 
made to the middle of the battery and not to one of 
the end terminals, this arrangement enables the direc- 
tion of the current through the crystal to be changed 
without disconnecting the cells. 

Fleming Valve 

The Fleming valve detector consists of a carbon or 
tungsten filament lamp, in the bulb of Which is also 



CarlK)runduni crystal 
receiver iitiing low 
resistance telephones and 
step-down transformer. 
S. Stei>-down transfwmcr. 
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m<;luded a metal plate insulate from the filament, 
and the coimecting'wlre of which is brought through 
the glass wall of the bulb to a third terminal outside. 
If the filament be rendered incandescent by the appli- 
cation of a suitable battery to its terminals, the space 
between the filaihent and the insulated plate will be 
found to possess an unilateral conductivity, and if it 
be now connected to a circuit in 
which oscillations are taking 
place, it will, by its rectifying 
actidh, convert them into uni- 
directional impulses capable of 
actuating a telephone receiver. 

As with the carborundum 
detector, the application of a 
local voltage incroase.s the 
sensitiveness of the detector. 

The necessary voltage is applied 

and V regulated by means of a v. vaiuo. 

battery of cells and a potentio- i’; tei<-ph>.n«. 

meter, the arrangement of thfe uetccior oauner. 

circuit being as shown in Fig. 70. The resistance of 
the ionised gas between the filament and the plate 
is very high. To obtain best results, the telephone 
receiver should therefore be wound to a high resis- 
tance, about 4,{X)0 ohms. Low-resistance telephones 
may be used provided they are connected to 
the circuit through the windings of a step-down 
transformer (Fig. 69). 

Fig. 123, Chapter VI, shows the valve tuner of the 
Marconi Company, it will be noticed that the bulb of 
the valve is surrounded by a copper gauze, the pur- 
pose of this is to prevent static charges of electricity 
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from accumulating on the glass, as the detc'ctor. is 
rendered insensitive by them. The gauze screen is 
connected to earth. Another type of valve detector 
recently brought into use by the Marconi Company 
has a third electrode, which takes the form of a piT- 
forated metal plate or grid, and is interposed between 
the filament and the plate. Tlie grid and the plate 

are both cylindrical in shape 
and nearly enclose the fila- 
ment, thus j)i eventing tlu 
detector from being made 
insensitive by elei tro-static 
charges on the glass of the 
bulb. The circuits may be 
arranged as shown in Fig. 
71, where P is the plate, (1 
the grid, F the filament, 
and T tlie telephone re- 
ceiver, which is of liigh 
resistance. is the battery 
supplying current to tlu; 
filament, and 1?.^ is a battery of about 50 volts, con- 
nected on one side through the telephone receiver to 
the insulated plate and on thc'. other side t<j the filament. 

The conductivity of thc gas between the filament 
and plate is found to vary as the potential of the grid 
is varied, thus, while the grid is at zero potential, 
there is a steady flow of current from the battery 
through the telephones to the plate across thc gas to 
the filament and so back to thc negative pole of tlie 
battery. When oscillations are set up in the detector 
circuit, the grid, which is connected to it, will be 
subjected to alternating differences of potential, if the 
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grid is charged to a positive .potential there is a sudden 
and large increase in the current flowing from the 
battery Bj through the telephones and, if it is charged 
negatively, the battery current falls in value, in either 
case a click is produced in the telephones. The cur- 
rent actuating the telephone receiver, it will be seen, 
is not the rectified current between the grid and the 
filament, but is derived from the battery Bj, and the 
variation of this current being much larger, the signals 
in the telephones arc consequently much stronger. 

The valve is adjusted by varying the filament cur- 
rent and by varying the v'oltage of the battery Bg. 
If the telephones are connected directly in the circuit, 
they should be so connected that the steady current 
passing through them is not flowing in such a direction 
as to demagnetise them. It is for this reason prefer- 
able to connect them t<j the circuit through the wind- 
ings of a transformer. If low-resistance telephones 
are used, the transformer should be of the step-dowm 
variety, if high-resistance telephones are used, the 
windings of the transformer will have an equal number 
of turns. 


TnKK.Mo-Ei.KCTRU Dktectors 

If the j unction between twt) dissimilar metals forming 
part of a closed circuit be heated a current will be 
produced in the circuit. For instance, suppose we take 
a piece of the metal bismuth and a piece of antimony, 
place them in contact and connect their free ends to a 
suitable galvanometer we shall find that if the junction 
be heated to a higher temperatm'c than the rest of the 
circuit that a current will flow in the direction bismuth 
to antimony, the current being proportional to the 
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excess of temperature. In any good text-book on 
electricity will be found a table showing the thermo- 
electric series of metals with their thermo-electric 
power or electromotive force per degree centigrade 
when used in conjunction with lead. For instance, 
suppose we formed a couple (if tellurium and lead and 
heated it to 1° centigrade above the rest of the’^circuit, 
the E.M.F. produced would be about 500 micro-volts. 

It has been found that some of the metallic sulphide.s, 
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for instance, galena, exhibit very, marked thermo- 
electric power, and therefore, galena usually forms one 
of the elements in a thermo-couple when u.sed as a 
detector for. wireless telegraphy. *■ 

Two very efficient combinations for the purpose are 
galena graphite and galena tellurium, both being ex- 
tremely sensitive. The construction of such a detector 
,can be seen from Fig. 72. The galena crystal is sol- 
dered in the holder by woods metal (this metal will 
melt in boiling water) and the graphite may be any 
fairly hard pencil, the refills sold for use with propelling 
pencils being very 'convenient. 

A sirtall screw is provided for adjusting the pressure. 



DETECTORS OF OSCILLATIONS 99 

Being a current actuated-devicc, 4he thermo-j unction 
is connected in series with th§ condenser, and on the 
passing of oscillations it is heated and a small potential 
difference thereby is created at its terminals and 
charges the condenser which discharges through the 
telephone receiver. 

With a good galena crystal the detector requires very 
little attention, but the passage of Strong atmospherics 
sometimes throw it out of order, due no doubt to its 
behaving like a coherer and the surfaces of the elec- 
:rodes become slightly welded together. If the 
jraphite and galena are just pulled apart and then 
illowed to come together again it will be found that 
ts sensitiveness is fully restored. 

Magnetic Detector 

The Marconi magnetic detector consists of an endless 
Dand built up of 70 strands of number 40 silk-covered 
ron wire. The band passes over two grooved pulleys 
A^hich are kept in rotation by a clockwork motor and 
It a certain point in its journey passes through a small 
jlass tube wound for a length of about two centimetres 
ivith a layer of number* 36 sflk-covercd copper wire the 
;nds of this wire which form the primary windii^g 
5eing brought out to terminals. Over this ^vinding is 
i small bbbin wound with wire of the sam% gauge to a 
•esistance of about 140 ohms, this forms the secondary 
vinding and the ends are taken to terminals tb which 
:he telephone receivers are also connected. Above 
:he coils are arranged two permanent horseshoe mag 
lets, Muth like poles together as shown in diagram 
The detector depends for its action on the fact that 
jlectrical oscillations have the ability to annul the 
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magnetic hysteresis of iron. Reference to Fig. 73 will 
perhaps help to make this plain. Suppose a certain 
piece of soft iron, say the core of an alternating-current 
transformer, to be subjected to a magnetising force 
H which ri-scs to a ma.\imum, descends to zero, then 
attains a ma.\imuru in the reverse direction and again 
de.sccnds to zero, it wUl bo found that if the magnetising 
force H is plotted against the density of the lines of 
force B the curve will assume the shape shown in Fig. 

B 


H 


B 

Fic. 73. 

73. Starting from zero, if the magnetising force is 
gradually increased to the maximum and the value of 
the flux density for each increment of the magnetising 
force noted; we get the curve to 1. If now the force 
is decreased to zero the curve will not return on itself, 
but will follow the direction 1, 2, and if the iron be 
now subjected to a magnetising force in the reverse 
direction the curve will take the position 2, 3, 4, 5. 
It will thus be seen that the magnetic effect produced 
on the iron owing to its hysteresis lags behind the 
magnetising force operating to produce it, and that 
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after it has been magnetised it will retain its niagnetisin 
fp^r some time after the withdrawal of thf magnetising 
force. It is this higging that the electrical oscillations 
passing through the primary annul. Con>ider now the 
:ilta^etn: detector itself. We have here a soft iron 
band pacing before the poles of two permanent 
ma^ets; as each portion of the band pa^|es the poles 
it becomes magnetised and by the action of the cl0(^> 
work motor this nftagnetised portion is carried fmwttid.'' 
If now electrical oscillations pass through the primary 



Fio. 75. 

Mn*»itetic dctctlor. 


windings the hyst^iresis of tlie band is annulled and 
the magnetised portion which has moved out of the 
field of the magnet has its magnetism destroyed and a 
redistribution of the lines of force through the second- 
ary winding takes place, which sets up a current in it 
and the telephone receivers which are connected to it 
and a sound is thus produced. 

Fig. 74 shows the instrument as manufactured by 
the Marconi Company ; it will be seen that there are 
two sets of coils and magnets, tho clockwork and 
moving iron band being common to both. In the 
event of one side breaking dbwn all that is necessary 
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is to changt ‘over to the other side. On tin; left baild 
of the insti ament is the winding key and the key to 
start or stop the clockwork, the adjusting screw at the 
top of the instrument to the right is to regulate the 
tension of the moving iron band. 

Fig, 75 is a diagram of the detector and shows the 
magnets in the -most sensitive position— t.i;., mth like 
poles together. In this position, although very sensitive, 
a breathing noise is sometimes produced in the tele- 
phone which is very disturbing when reading weak 
signals. This can be overcome by placing the magnets, 
a^in Fig. 76, with unlike poles together, the pole of 



one being some little distance up the limb of the other, 
or by moving tlic magnets away from the band, the 
best position being found by experiment. The magnets 
used on this detector have one face brightly polished 
and the other blackened. When both bright faces or 
both black faces arc to the front like poles will be 
together, when one bright and one dull face arc to the 
front unlike poles will be together, fn practical use 
this detector has proved itself to possess the great 
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merit of reliability, and needs practically no attention 
beyond occasional winding of the clockwork. 

Telkphone Receivers 

The telephone receivers used for the receptitui of 
wireless messages are not e.s.senfially diiferent from 
those in ordinary commerced use ; they, however, 
differ somewhat in the minor details of construction. 
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Tfleplioiu* recciviT. 

As is well known, the telephone receiver consists 
essentially of a permanent magnet of the hor.seshoe 
type, having at its poles soft iron extensions on which 
are wound a quantity of insulated copptT wire, the 
two coils being joined In series and the free ends 
brought out to termin.'ds ; immediately in front of the 
pole-pieces, and close to them, is a flexible soft iron 
disc or diaphragm clamped firmly about its periphery. 
Fig. 77 shows clearly the construction. Two such 
receivers are jf»ined in series and attached to a leather- 
covered metal band, which passes over the head of the 
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operator so that tlie tclej)hones fit over the ears. As 
the telephones are usually in circuit with a high- 
resistance detector, and the effect depends on the 
ampere turns, it is customary to wind them to a much 
higher resistance than the ordinary commercial type, 
tlie resistance being from 500 to 5,000 ohms according* 
to the nature of the circuit on which they are to be 
used. As it would be impossible to get the requisite 
number of turns into the small space of the bobbin, 
if ordinary silk or cotton insulated wire were used, the 
bobbins are wound with an enamel insulated wire 
which occupies much less space. 

The telephone receiver is acknowledged to be one 
of the* most sensitive appliances for detecting the 
presence of an electric current ever invented, its 
sensitiveness can be judged from the fact that an 
intermittent current of only a fi'w microamps pro- 
duces an easily audible sound in it. The loudness of 
the sound, however, depends not only on the value 
of the current but on its frequency ; it has been ascer- 
tained that the telephone receiver has a maximum 
sensitiveness to frequencies lying between 600 and 
1,000 per second. This is no doubt due to the fact 
that the natural freciuency of the diaphragm is some- 
thing of this order, and also perhaps to the fact that 
the human ear is affected more strongly by these 
frequencies. 



CHAPTER V 

• „ MISCELLANEOUS RECEIVING APPARATUS' 

The Testing Buzzer — Shunted Buzzer- — Telephone Relay — 
* The Variometer — Elimination o(' Atmospherics 

This piece of apparatus, the purpose of which is to 
test the receiver, consists of air electrorma^etic 
vibrator and in construction is exactly similar to a 
trembler bell, but without the gong. Two extra 
terminals are provided and arh connected one to each 
side of the .contact-breaker. If we connect to’ one of 
these terminals a yard or so of wire supported in a 
verticaj position and connect the other terminal to 
earth we arc in possession of a miniature plain aerial 
transmitter, capable of generating and radiating 
electrical oscillations of such a strength as to produce 
signals of ab(mt the same intensity as those emanating 
from a more powerful but distant station. The action 
is as follows*: when the switch is closed current flows 
through the coils of the magnet and a magnetic field 
is built up round them, the magnets being now excited 
the armature is attracted and the circuit being thus 
broken the lines of force collapse and cut across the 
winding of the .coils. This cutting of the coils by the 
lines of force sets up a difference of f>otential at the 
point at which the circuit is broken — ^viz., the contact- 
breaker, to which, as we have already seen, is attached 
a miniature aerial and an earth connection. -The 
potential difference produced at the break owing to 
the great self-inductance of the coils is sufficiently high 
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to jump th^ small gap formed and the acrial^is there- 
fore charged to this potential, and on the pas»ng of 
the spark, electrical oscillations arc set up and radiated^ 
from it. Fig. 78 shWs the buzzer. The battery and 
key arc connected to terminals marked B, K, and the 
small aerial and earth wire to terminal! A and £. 



Fig. 78. 

Testing buzzer. 



It should be noted that the production of a sound 
in the telephone receiver docs not necessarily indicate 
that the whole of the receiver is in order, and that 
signals could be received from a distant station ; all 
that the test proves is that the detector and telephones 
arc in order. The most satisfactory evidence* that the 
receiver is in working order is to tune in signals from 
a distant station, but these are not always available 
when required ; the operator should therefore proceed 
as follows : First, supposing the tuner to be of the 
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three-dfpuit type, set the condenser of the inter- 
mediafe circuit at some convenient value, then detach 
jsthe earth lead from the tuner, and connect in circuit 
the terminals of the buzzer marlced A, E, as in Fig. 
79, set the buzzer going and adjust the primary cir- 
cuit till resonance is attained which will be indicated 
by, maximum sound being firoduced in the telephones ; 
the coupEng between the circuits should be very loose. 
If this test is made w'hen the station is known to be 
in working order and the adjustment of the condenser 
and variable inductance in the primary ciicuit noted, 
it can be repeated at any subsequent time ; and if 
resonance is attained with the same adjustments, it is 
proof that the receiver is still in W'orking order. Whdt 
W'e are in effect doing is to produce dn the aerial cir- 
cuit by local means comparatively feeble oscillations, 
and then b\' means of the calibrated intermediate cir- 
cuit ascertaining that the capacity and inductance of 
the primary circuit have not altered. 



Showing method of connecting 
shunted buzzer to circuit . 


The Shunted Buzzer 

In construction, the 
shunted biizzer is the 
same as the sparking 
buzzer, but has con- 
nected across its coils a 
high non-inductive re- 
sistance. The purpose 
of this resistance is to 
eliminate the sparking 
at the contact-breaker, 
it does this by providing 
an alternative path 
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throiigli which the self-induced current can flow. The 

purpose of the shunted buzzer is to provide a means 
for exciting weak electrical oscillations in a circuit, 
for testing or measuring purposes. 

The method of connecting the shunted buzzer to 
the circuit is shown in Fig'. 80. It will be seen th&t 
the current from the battery of cells flows through the 
coupling coil of the circuit, a magnetic field will there- 
fore be set up around it. On the opening of the con- 
tact-breaker, these lines of magnetic force will collapse 
and in so doing will produce a difference of potential, 
which charges the condenser in the circuit, which 
afterwards discharges through the coil, producing 
oscillations. Oscillations produced by the shunted 
buzzer, are less damped than those produced by a 
sparking buzzer, as tlierc is no spark-gap in the circuit. 

The Telephone Relay 

'Tins instrument, the invention of Mr. S. G. Brown, 
has for its object the stepping up or magnification of 
feeble telephone currents, thus rendering them more 
audible. 

It consists of a novel kind of microphone formed of 
two pieces of hard osmium iridium alloy, separated 
to an infinitesimal degree by the adjoining screw W 
(Fig. 81) and by the action of the local current which 
flows through it and the winding K (Fig. 81). .The 
local current assists in forming the microphone by 
rendering the small space between the contacts con- 
ductive and after the relay has been actuated by the 
passage of current through the winding H it restores 
it to its original adjustment by means of the regulating 
winding K. 
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Fig. 81 show.s clearly the construction of the relay. 
Fig. 82 gives an enlarged view of the mici ophone 
contacts and -shows the position the reed should 
occupy wath regard to the magnet H. Fig.. 8:1 shows 



Fig. si. 

the conr^tions of the relay' ; the terminals A should 
be connected to the receiving circuit in place of the 
ordinaiy telephones. The local circuit consists of the 
mierf phonic contacts, the regulating winding K, a 
dry cell, milliampdre meter, and telephone receiver all 
in series. The working of the relay appears to be as 
follows : supposing the telephone circuit to be magni- 
fied circulates through the winding H in such a direc- 
tion as ta increase its magnetism the reed P will be 
pulled towards the magnet^ and, the resistance of the 
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Fig. 82 . 
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microphone being thus altered, a sound will be heard 
in the telephones, and as the local current is taken 
through the winding K, in such a direction as to 
assist the magnetism of the 
permanent • magnet, any 
opening of the microphonic 
contact and tKeij^y increase 
of its resistan^^jHilll the ^ 
current to faU;-^|||||^f^ag> 
net therieb^ be^g^^kened 
the reed P resumes its normal 
position. , Also it will be 
seen that should the current in the ending H be in 
such a direction as to oppose the permanent magnet, 
the microphone will lower its resistance owing to the 

removal of part 
"•> of the force 

which is acting 
against the stiff- 
ness of the reed 
P and tending 
to hold the con- 
tacts apart and 
then, 'Owing to 
the decrease in 
resistance of 
the microphone 
and consequent 
r4e in- local current strength, the power of the mag- 
net will be increased and the reed pulled back to the 
normal position. The inventor is of opinion that the 
resist^ce of the local circuit should not much exceed 
6 ohms and that the voltage of the local battery 
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Fig. 83 . 
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should be ’5 of a volt. This voltage he obtained 
by putting in opposition to each other a dry cell 
whose voltage was 1'5 and a 2-volt aceuinnlator coll. 

The writer, however, has obtained e.xcellent re.sults 
using phones whoso resistance was about 60 *>hms and 
a single dry cell. It was found that signals which 
were quite inaudible when the ordinary means of 
reception were in use could by^^^^|lrposition of the 
relay be distinctly heard, an(iH9|^^e signals were 
of average strength the use of^HR^reiay )nade them 
so loud as to be easily read at distances varying from 
10 ft. upwards from the phones. 

A small drop of thin oil placed on the lower contact 
increases the reliability of the arrangement. It is also 
necessary to support the relay on a felt or rubber pad 
to protect it from outside vibration. For the same 
reason all connecting wires should be flexible, as if 
they arc solid and stiff the .slightest touch causes them 
to vibrate and the vibration being transmitted to the 
relay is heard in the phon<“ magnified many t^cs. 
Using a voltage of 1-5 and phones whose resistance 
was about 60 the milliampere meter read from 10 to 
15 milliamperes when the relaj," was in the most 
sensitive adjustment. 

A later pattern of relay uses a carbon granule micro- 
phone in place of the single contact device. This latter 
pattern keeps its adjustment better, but is not so 
sensitive. , 

Amplification ok Signals by the Three- 
Electrode Valve 

The three-electrode valve can, with suitably-arranged 
circuits, be' used as an amplifier. The circuits are as 
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sliown in Ti^. 84, and it will be seen thut the tele- 
phones have been replaced by an oscillating circuit, 
consisting of a variable condenser and an inductance, 
the latter being divided into two parts. This circuit, 
which is. termed the plate circuit, must be adjusted to 
the same frequency as the incoming oscillations, and 
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Fig. 84. 

T>. Detector Circuit. 

» F, Filament. 

G. Grid. « 

1». Plate. 

R. Resistance to vary Filament current. 

R,. Potentiometer. 

Rj. Reaction Ct)il, 

one part of the inductance so placed that it can act 
inductively on the detector circuit, of the tuner. The 
grid polentialis adjusted by means of the potentiometef, 
not to the point, at which the received oscillatory 
currents are rectified, but to a point on the steep part 
of the curve. When this adjustment is made oscil- 
lations produced in the detector circuit will, by vary- 
ing the grid potentiah, produce in the plate circuit 
oscillations of the same frequency but of larger ampli- 
tude. This circuit, by reacting on the detector circipt. 

#^.< 5092 ) ■ ■ ■ . 
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of the timer, iviU still further increase the potential 
variations of the grid, smd by so doing largely increase 
the amplitude of tlie oscillations in the plate circuit. 
The amplified currenfs are’ rectified by a carborundum 
crystal comiected across the condenser in the plate 
circuit in the usual way. The best degree of coupling 
between the detector circuit and the reaction coil 
which forms part of the plate circuit is found by 
experiment. The closer thcv^Onjiling is made, the 
greater will the amplification bt^ut if made too close, 
the valve once started will continue to oscillate, thus 
acting as a generat<)r of continuous and undamped 
()scillatit)ns, wliich tvoiiUl make the reception of signals 
impossible. From this it will be seen that the tliree- 
terminal valve can be used as a transmitter, providing 
the plate circuit is an open or radiating circuit, (»r is 
coupled to such a circuit. For the purpose of wireless 
telephony, where continuous .and undamped oscillations 
are a necessity, the valve transmitter has proved very 
useful. 


Thk Vakiometuk 

The variometer is a form of variable inductance in 
whicli, luAvever, tlic usual slidijig c(»ntact is absent. 
It consists of two ebonite frames on which are wound 
the coils of wire. One end of each coil is connected by 
a flc.xible wire and the remaining ends are brought (uit 
to terminals ; the inner coil is pivoted and is free to 
move about its vertical axis It will be seen from Fig. 
85 that when the inner coil is in the position shown, 
the wire on the frames forms a continuous coil of two 
layers, the winding being all in one direction ; this 
is the position of maximum inductance. 
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If, however, the inner coil be turned through 180® 
it will be observed that the wire doubles back on 
itself and forms a bifilar or non-inductive winding : 
the variometer is usually provided with a pointer 
moving over a scale divided into 180®. The advan- 
tages of this form of inductance are that sliding 



Eig. 85. 
Variometer. 


or rubbing contacts which often become dirty and 
tliereby introduce a higli resistance into the circuit 
are avoided, the inductance also is continuously vari- 
able practically from zero to a value determined by 
the dimensions of the coils, and occupies less space 
than the older types. 

Elimination of Atmospheric Disturbances 

Many devices have from time to time been suggested, 
for the elimination, or mitigation, of atmospheric 
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disturbances. The underlying principle of the majority 
being, to so arrange two detectors, that only one 
should be operative to signals of ordinary strength, 
but both actuated by atmospherics. The detectors 
are so connected to the telephones as to pass equal 
and opposite currents through it, 
thus producing no effect on the 
diaphragm.. ; A gopd example, and 
one niuchj^^ by the Marconi 
Company, ^^^e balanced crystal 
receiver. It consists of two car* 
borundum crystals connected in 
parallel with each other and in 
series with the telephones (Fig. 86). 
The crystals are so arranged as to 
rectify in opposite directions,- the 
crystal marked A being adjusted to 
sensitiveness by mosins of a potentiometer and battery 
of ccUs, the crystal marked B being made insensitive by 
shifting back the slider of the potentiometer, to which it 
is connected. The sensitive crystal A. will rectify oscil- 
lations of normal strength and, as the insensitive 
crystal B is practically inoperative, the telephones will 
be actuated by the rectified qurrents. If atmospherics 
excite powerful oscillations in the receiver circuits, 
both crystals will be actuated, consequently, as both 
half-cycles of the oscillatory current pass through the 
telephone windings, no sound will be produced. The 
method of connecting the crystals to the potentiometers 
and to the circuits of the tuner is shown in Fig. 126, 
Chapter VI. 


i-iG. 86. 

Marconi balanced 
crystal receiver. 



CHAPTER VI 

THE MARCONI SYSTEM 

The Transmitter IJ- kw. Set — ^The Emergency Transmitter 
— Charging Switchboards — ^Multiple Tuner— Magnetic 
Detector-r-Telephone Condenser — Fleming Valve Tuner — 
Crystal Receivers ‘ 

As’ an example of the Marconi system we have chosen 
the 1^ kw. installation, as it is perhaps in more general 
use than any other set manufactured by that company. 
The general principles of the transmitter and the 
receiver have already been dealt with and this chapter 
will therefore be mainly descriptive of the apparatus. 
A rotary converter is used to convert the direct 
current from the ship’s dynamo into an alternating 
'current. The machine has four poles and runs at 
a speed of 1,500 revolutions per minute, the frequency 
of the alternating current will therefore be 50. Across 
the brushes on both the alternating and direct-current 
side, a special form of lamp resistance is connected. 
These are known as the guard lamps and provide a 
path of low self-inductance to shunt out any high- 
frequency currents which might be set up in the circuit 
by induction from the oscillatory circuits of the trans- 
mitter and cause damage to the machine.* The 

* High-frequency currents will, if two paths are open to them, 
divide in inverse proportion to the inductances of the paths. 
The inductance of the guard lamps is very small compared with 
that of the coils of the converter, therefore practically the 
whole of any high-frequency current set up in the circuit would 
pass through it, 
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transmitter of this set consists of five circuits — ^namely, 
the direct-current circuit, the low-tension alternating- 
current circuit, the high-tension altemating-c'urrent 
circuit, and th^ primary and secondary high-frequency 
circuits. The direct-current circuit consists of the 
motor starting switch, the field regulating resistance 
and the direct-current side of the rotary converter 
connected together and to the direct-current supply 
of the ship as shown in Fig. 87. The internal connec- 
tions of the starter arc shown in Fig. 88, and it will be 



Motor starting switch. 

seen that it differs somewhat from the ordinary pat- 
tern. As the arm of the switch is moved over the 
contacts, the resistance which at the start W'as in series 
with the armature coils is transferred* to the field cir- 
cuit, as this weakens the field it enables the motor to 
start quickly. The small electro-magnet on the face 
of the starter is termed a no-volt release and serves 
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while the macliine is running to hold over the arm of 
the switch and should the power-supply fail or the 

field circuit be broke n, the arm 
will be released aiid move over 
to the bff position, and cut the 
motor out of circuit. The low- 
tension altlrhatin^curreRt cir-« 
cuit cori^sf^^of the primary of 
the ' trafislbriner, Morse key. 
magnetic kfey, and impedance 
coil, which together with the 
ampere meter and fuses 'are- 
connected in series and to the 
slip rings of the alternating- 
current side of the rotary con- 
vertor as in Fig. 87. 

Fig. 90 shows the internal 
connections of the alternating-current transformer. 
It will be seen that it really consists of two open 
core transformers placed side by side in the same 
case, and that the primaries and the secondaries can 
be connected in series or in parallel as necessity 
requires. ♦ 

The case is filled with oil to improve insulation. 
The action of the magnetic key has already been des- 
cribed in an earlier chapter. Fig. 93 shows the internal 
''^^connecting of the key as used on the kw. set, and 
the method of connecting it to the Morse key and to 
the circuit. 

The coils of the magnetic key, it will be seen, arc 
connected in parallel, the object being to reduce the 
inductance of the coils and so prevent sluggishness of 
action. . 



Field reguhitinji 
resistaace. 

0.nmt:*c(ion marked- A preVents^ 
interrttpttou of fteld circuit, 
should arm of switch fail to 
make contact with the studs. 
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The Mor^c key is of the heavy contact type, but 
connection between the lower contact and its terminal 



Fig. 90. 

Internal connections. A.C. transformer. 



Fig. 91. 

* A.C. transformer. Primaries .and 
secondaries connecteil in series. 


is made through a side lever, which provides a means 
of breaking the alternating-current circuit ready to the 
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hand of the operator in case of emergency. The lever 
of the Morse ke\’ also carries a small t'bonite arm, 
wliich closes a pair of contacts so arranged and con- 
nected as to short-circuit the telephone receiver before 
the main contacts of the key close. 

The volt and ampere meters, the fuses, the double- 
pole cpiick-break switch, and the pilot lamp are 
mounted together on a slate panel (Fig. 94). The 



Fig. 92. 

A.(', transforiiKT. Pninancs and 
sfcomlaru’s ccinnccted in ]>aralk*l. 


high-tension alternating-current circuit Consists of the 
secondary of the transhjrmer connected through two 
air core chokes to the s})ark-gap and so to the con- 
denser. The purpose of the chokes is to prevent the 
high-frequency currents in the closed oscillatory circuit 
from flowing back into the secondary of the transformer. 

Formerly, the leads from the secondary terminals of 
the transformer were taken directly to the condenser, 
but present-day practice is to make connection to the 
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spark-gap terminals, as the oscillatory difference of 
potential there is much less than at the condenser 


terminals, consequently there 
is less liability of damage t«» 
the transformer. 

The primary or closed 
oscillatory circuit consists 
of the condenser, spark-gap, 
primary of oscillation trans- 
former, and a variable in- 
ductance all connected in 
scries. 

The condenser, the plates 
of w'hich are zinc, and the 
dielectric of which is glass, 
is so constructed that by 
changing . the positions of 
the connecting strips bc- 
twc*en its terminals its 
capacity can be reduced to 
one-fourth of its maximum 
capacity (max. capacity = 
•065 mf.). This provides a 
means of changing from 



Fia. 93 . 

Showing? method of 
connectinK m;iij[netic and 
^NIui sc key.s. 


the 600 to the 300 metre 
wave. Figs. 95, 96, 97, 
show the internal con- 
nections of the condenser 


U Arm.iiiire of ki*y. 

2 .ind 3. Contacts of key. 

4 ami 5. Coils of key. 

6. Safety Switch. 

7 and 8. Short-circuiting con- 
tacts for telephones. 

9. Kbonite arm. The internal 


nnH t'lncifmriQ nf fho connections to icrminaiN not 

cina tnt positions OI tllC umnI, an* omiltiHl. tor clearness. 

connecting strips for the two 

wave-lengths. The numbers on the terminals indicate 


the number of plates connected to each terminal. 


When working on a 600-metrc wave, the secondaries 





P,0. Electrical Enpneen* Jouraai,** By permissioH of Board of EdUors, 

Fig. 94. 

Wiring diagram. MSrconi 1 1 kw. 
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of the transformer should be connected in p^Uel, 
and when working on the 300-metre wave, they should 



Fig. 95. 

Internal connections of 
condenser. 



connecting strips for 
600-nietrc wave. 

!■» 

be in Series and the spark-gap doubled in length. The 
purpose of making these changes, is to keep the spark 
frequency and the energy stored in the condenser 
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before discharge constant. The energy stored in a 
condenser is proportional to tlie product of its capacity, 
and the scjuarc of the voltage to which it is charged, 
therefore, as the capacity of the condenser has been 
reduced to one-fourth in order to get the 300-mctre 
wave, wc must charge it to double the voltage, if wc 
wish to keep the energy constant. 



Fig. 97. 

Condenser. Position ol 
connecting strips for 
» 300- metre wave. 

The variable inductance consists of two brass rods 
connected together by means of a sliding metallic 
bridge, the position of which determines the amount 
of inductance included in the circiiit. The purpo.se 
of this inductance is to secure the exact adjustment 
of the circuit to a given wave-length aftfer the main 
adjustment has been made on the condenser, it is also 
used to compensate for any loss of capacity due to the 
breakage of one or more of the condenser plates, 
sufficient inductance being added to bring the wave- 
length back to its original value. 
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The spark-gap which is enclosed in a muffling 
chamber is shown in Fig. 98. It consists of two steel 
hemispheres, the length of the gap can be adjusted by 
turning either of them. 

The usual lengths of gap used are 3 to 4 millimetres 
when the condenser is connected in parallel, and 6 to 


A A ' 



Fill. 98. 
Spark-gap. 


8 millimetres when the condenser is connected in scries. 
In parallel with the main spark-gap is another formed 
of two pointed brass rods ; the length of this gap, 
which is kept constant, is determined by the safe 
voltage to which the condenser can bo charged, and 
its purpose is^ to protect the condenser from excessive 
voltages which might puncture the dielectric. 
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Connection between the various pieces of apparatus 
in this circuit is made by means of fiat copper 
strips and not ordinary round sectioned conductors. 
These topper strips have large surface and therefore 
their resistance to high-frequency currents is low, also 
they are placed parallel and near together (about I in. 
apart), and the space between them filled with strips 
of hard rubber. The purpose of placing the strips 
parallel and close together is to neutralise their induc- 
tance, and the purpose of the solid ins viator is to 
prevent sparking between them. 

The inductance of the circuit therefore consists 
almost entirely of the primary of the oscillation 
transformer and practically the whole of the inductance 
can therefore be utilised for coupling purposes. 

The secondary ot open oscillatory circuit is made up 
of variable tuning inductance, secondary of oscilla,fioH 
transformer, the inductance of which is also variable, 
and a special form of spark-gap called by the Marconi 
Company an earth arrester terminal all connected 
together in series and to aerial and earth. The tuning 
of the circuit is effected by varying. the inductance and 
the coupling can be varied by sliding the secondary 
over the primary. The earth arrester terminal (Fig. 
99) consists of two brass plates separated^ except for 
a small space round the edge by a mica washer. The 
receiving apparatus is connected across the spark-gap 
so formed, and its purpose is to obviate the necessity 
for a change-over switch and so permit the receiving 
operator to interrupt the sending operator during the 
course of transmission if necessity requires. Its action 
is as follows : during the time the Morse key is closed 
the receiver is shorted out by the sparks which pass 
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between the plates, ^«t^e mbment the key is openei) 
the;path;f of incoming oscillations wiH be through the 
■pri%ary.eircuii oHhe tuner as the received oscillations 
are not of sufficient intensity to jump the gap. Shimted 
across about a yard of the earth lead is a small incan* 
descent lamp in series with a variable choking coil ; 
the purpose of the lamp is to indicate when the primary 



Fig. 99. 

Earth arrester terminal. 


and secondary circuit of the transmitter arc in tune. 
The brilliancy of the lamp will, of course, be a maxi- 
mum when resonance is obtained. The function of 
the variable choke is to regulate the current through 
the lamp and thus to protect it from excessive currents 
which might bum out its filament. If a high-frequency 
current has two paths open to it, it splits up in inverse 
proportion to the inductance of the paths and therefore 

9-(?092), 
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if inductance is inserted ir^F the branch in which 
is the tuning lamp, the current through it will^^ be 
diminished. •* 



Fig. IOO. 

Transmitting apparatus mounted in silence cabinet. 

Short Wave Condenser 

In the case of an installation, the natural wave- 
length of whose aerial, plus the necessary coupling coil 
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is ^eater than 300 metres, it is necessary to insert in 
sfer|BS with the aerial, a condenser in order to reduce 
the "wave-length to this value. 

If this condenser were inserted in 
the earth 4ead in the usual way, it \ Jy^ 
would render inoperative the. high ^ 

selfrinductive shunt in the tuner 
as there woidd no longer be a o* 
metallic path to earth owing to the | K 
dielectric of the condenser. It is, 
therciore, the practice of the Marconi ) 

Company to connect up the short ^ 
wave condenser as shown in Fig. 101. 

The condenser, the construction of 
which is the same as that used in 3 
the closed oscillatory circuit, has the ^ 
capacity of each of its banks adj usted 
so that if either of them were placed 
in series with the aerial a 300-metre | | 

wave would be produced ; the banks £2^ £|l!i 

are then connected in parallel in 1 J 

the usual way, by means of the 
tenninals and connecting strips. 

The condenser so built is then con- 
nected between the leading-in in- sho^nglcthod 
sulator and the top plate of a second of connecting 
earth arrester, the bottom plate of comLn^r*^ 
which is earthed. After connecting 
the short wave condenser, the aerial tuning inductance 
should be varied until the tuning lamp indicates 


Fig. 101. 
Showing method 
of connecting 
short wave 
condenser. 


resonance. 

The purpose of the second earth arrester is to 
automatically disconnect the short-wave condenser 
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as soQn as transmission ceases. If this were not done, 
the closed circuit formed by the aerial tuning induc- 
tance, the secondary winding, of the oscillation trans- 
former, and the short wave condenser, would prevent 
the reception of signals on a 300-metee wave-length 
as the received oscilla|,ory currents would be chiefly 
expended 4n this circuit. , 

Marconi Kilowatt Set, with Rotary 
Discharger 

On the later Marconi ship installations the fixed gap 
is replaced -by one of the rqtary type. The gap may 
have the same number of rotating studs as there are 
poles on the alternating niachine, in which case it is 
known as a synchronous gap, but more usually it has 
24 studs, on account of the higher spark frequency 
thus obtained. Connection to the rotary gap is made 
by the prolongation of the flat copper connecting leads 
through the bench ; this, by adding to the inductance 
of the closed circuit, necessitates a reduction in the 
capacity of the condenser in order not to increase the 
wave-length. The capacity is about two-thirds of that 
used vfith the fixed discharger, and the connecting 
strips on the condenser are mechanically coupled, so 
that one movement suffices to change the wave-length. 

With a 24-stud discharger, in addition to the reduc- 
tion of the condenser capacity, it is also necessary to 
reduce, the transformation ratio of the alternating- 
current transformer. 

Best results are obtained when thp low-frequency 
circuit is adjusted to the spsurk frequraicy, and .a high 
ratio of transformation, such as is used with the fixed 
gap, would make this impossible. The transformer, 
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which f!} of the closed core t57pe, is contained in a 
galvanised jiron tank which is filled with oil. ' Only 
the secondaries are variable, the 'change from series to 
parallel being made by means of an arrangement of 
outside terminals and connecting strips similar to that 
used on the condenser. Fig. 102 shows the rotary gfip. 
The fixed electrodes are of 
copper, and are so con- 
structed that by turning 
the milled head at the top 
they can be fed forward 
to compensate for wear. 

On some installations the 
fixed electrode^ make an 
angle of 90° with each 
other, on later installa- 
tions they are set at an 
angle of 45°, as the wear . j^tary gap. 
on^the moving studs is iouedhead,. 

then much more even. J-iEa- insulating 

With the electrodes set at K.^VbonuedST*"**'^' 

r\/\a • A Shaft of machine, 

yu it is necessary to OC- B. Brass rmg carrying studs. 

casionally shift the carrier ' 

to equalise the wear on the moving studs. If the carrier 
is moved through 45°, the studs W'hich formerly came 
opposite the fixed electrodes at maximum condenser 
voltage and consequently got most wear will now 
come opposite the fixed electrodes at zero voltage. 

The feed electrodes of a sjmehronous gap should be 
set in such a position that the spark takes place at 
the moment the condenser reaches maximum voltage. 
This position may best be found by turning the carrier, 
and noting the brilliance qf the tuning lamp, or the 
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reading of a hot wire ampere meter connected in the 

Before sta.rting the 
machine, it is advisable to 
turn the disc by hand in 
order to ascertain that the 
moving studs can pass the 
fixed studs without collision. 

Emergency Transmitter 

In addition to the above- 
described transmitter it is 
the practice of the Marconi 
Company to provide an 
emergency set which is quite 
independent of the ship’s 
machinery. The advantage of this provision will be 
apparent and has justfied the extra cost involved on 
many occasions. The set consists of a 10-in. induc- 
tion coil, a battery of 8 accumulator cells and a special 
type of switchboard designed to facilitate the charging 
of the cells and to provide a ready means of changing 
the coil to or from the cells to the current-supply of 
the ship. Fig. 104 is a diagram of the coil connections ; 
it will be seen that the condenser in the base of the 
coil, being across the contact-breaker and the Morse 
key in series, as well as serving its usual purpose of 
accelerating the rate at which the lines of force cut 
the secondary winding when the circuit is broken, also 
serves to eliminate the sparking at the key contacts. 
Copper pins form outside connections between the 
ternainals and B*, and C*, and their removal will 
isolate the condenser for testing purposes. Fig. 109 


oase or tne aenai. 



P.l*. IVimiiig tcrniiiiaU. 

S, S|. 

cpnnectiiiK strip>. 

I uud *Z. Sockets for making 
coiifjoction to closed oscillatory 
rirouit^ 
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is the charging switchboard. To charge the accumu- 
lators the double-pole switch is placed first in one 



I'XG. 104. 

Connections. Murconi I()-i’iich induct ion coil, Morse 
key to A S A Battery to D *, D *. 



II 


Coil 

Condenser 


Fig. 105. 

Showing position of coil condenser with respect 
to Mor.se key and contact-breaker. 


position, then in the other : the correct position for 
charging being that in which the lamp resistances 
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are dim. In this position the voltage of the cells is 
opposing tliat of the (^iu'ging dynamo and the positive 
pole of thq,dynamo, is fiiOT^ore connected to the posi- 
tive pole dl the^cpmtilpors and the negative pole tp- 
the.n^ativp^llodf the aixmhiilatprsV . 1 ^. V 
The of the lamps ii^d m r^t^ces is cliteeiT 
to suit the Voyage of the ship*$ supply and th^ candle 
power tofperihit the correct charging , current being 



Fig. 108. 


Marconi 1 0-inch induction coil. 

supplied*to the accumulators. The single-pole switch 
in one position enables the coil to be worked from the 
cells and in the other position from the ship’s dynamo, 
the coil resistances at the top of the board being in 
series in order to cut down the current to the correct 
value. Fig. 110 will enable the composition of tpP 
circuits for different positions of the switch to be sed|. 

It should be noted that when working off the d 5 ma^ 
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the lamp resistance must be removed and the double- 
pole switch may then be placed in either position. 




iQQQQQQy 

7 

Fig. 110. 


Marconi marine typo charging 
switchboard. 

1. Voltmeter 

2 and 3. Lamp robistanccs 
4. Coil rt’sibtaiiceb 


1. IXinblc ;x>lc switch 

2 . Coil resistances 

3. Lamp resistances 

^ 4. Accumulators 

5. Voltmeter 
H. Single pole switch 
7. Primary of coil 


Extension to Marine Type Switchboard 

On some installations an auxiliary switchboard is 
installed, which enables the accumulators to be charged 
at a quicker rate (12 amp.), and also makes the board 
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adaptable *to voltages of 80-100 and 120. Provision 
is also made for discharging the accumulators. 


The internal connections of 
the extension board are shown 
in Fig. Ill, it will be seen that 
it consists of four resistance coils 
(connected in series), and a 
double-throw switch mounted on 
a slate panel. To charge the 
accumulators at maximum rate 
the double-throw' switch should 
be put in the charge position 
after the charging switch on the 
main board has been closed in 
tlic usual way (that is, put to 
the side where the lamps arc 
least bright). 

The effect . of closing the 
auxiliary switch is to put the coil 
resistance in parallel with the 
lamps, thus materially reducing 
the resistance of the circuit. 

To discharge the accumulators, 
the switch on the auxiliary 
board should be put to the 
discharge side, all switches on 
the main switchboard being in 
the off position. 



Kig. 111. 
Auxiliary 
switchboard.* 


C Hinect X to A on 120. 
Volt Cct. 

Connect X to B on 100. 
Volt Cct. 


Tcrinin.il 1 is connected 
to right of coil resist- 
ance on main board. 


Charging Switchboard 
(Type 2) 

This switchboard, the con- 
nections of which arc shown in 


Terminal 2 is connected 
to left hand side of 
liottom fuse on main 
board. 

Terminal 3 is connected, 
to right hand lower 
terminal on mabP, 
board. 
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>V F^rms all the ftmctions ,of tfie number 

1 type switchboard ^lus the auxiliary .panel, 
which it supersedes. By short-circuiting the fiist four 
M coils on the bottoni row, the board can be aifepted 
:^for use on 100- volt supply circuit ; this can be done 
'^y connecting a conductor of suitable, cross-sectional 
; ?area between terpainals 1. and 2. 



Fig. 112. 

Showing switch on auxiliary board. 


By^hort-circuiting the first eight coils on the bottom 
row, the board can be used on an 80-volt circuit, this 
can be done by connecting terminal 1 to terminal 3. 
The board, as it is shown in the diagram, is intended 
for use on a supply circuit of 120 volts. Tp charge 
the accumulators the double-pole double-throw switch 
is placed in the position' in "which the lamps arc least 
bright. To charge at the higher rate (12 amp.), the 
tumbler switch on the l4ft of the board should, in 
addition, be put to the charge’ position. 

To discharge the cells the tumblef switch on the 
left of the board should be put to discharge, aH other 
s)jritches being in the off position. 

To work the induction coil from the accumulators, 
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^he tumbler swtcl^*bn tWe r^ht pfit # . 

|)<feition marked acc»multt6m/'*y6>)(r6ri: 
the, sttjiply circuit, the switch!*' -• ■ 

sh(>uld^‘^ put in the position'^ 
marked' m^iihl. ■ 

The. Multiple Juner 


The Marconi multiple timer, 
which is one of the' three- 
circuit type described in the 
chapter on receiving apparatus, 
and the magnetic detector are 
usually used as the reeeiving 
apparatus with, the kw. 
set, although on some stations 
the Fleming valve and the 
special tuner with which it is 
•incorporated are in use. Fig. 
115 shows the internal con- 
nections of the multiple tuner. 

It will be seen that as the 
three coupled switches arc 



Fl6. 113. 

Showing circuits of 
charging switchboard anti 
auxiliary panel. 


j J XL X • D.P.D.T. switch. 

moved round, the effect is •>. CoH resistance on mam 
to add capacity (and im the n/ Lamp resistance, 
case of the primary circuit 5. Volt-meter. 

• j i \ X ^ XL xL • *5. Single pole switch. 

inductance) to the three Cir- ?. l^imary of induction coU. 

• . <1 1 • xi Switch on aui^iary panel, 

cults and so to increase tlie 9. Coll resistance on auxiliary 

wave-length range. For in- 

stance, when the switch is in position 1 a small 
condenser of fixed capacity is put in series 
with the variable condenser in each of the three cir- 
cuits and only half the turns on the primary coupling. 
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coil are in circuit, when the switch is in position 2 
the sm^l condensers are cut* out of circuit. Position 
3 increases; the^ inductance of primary coil and puts 
condensere of fi.\ed capacity in parallel with the variable 



Induction ^Accumulators 
Coil 

Fig. 114. 

♦ Charging switchboard. (Type 2.) 

condensers in the intermediate and detector circuits. 
Position 4 puts still larger condensers in parallel 
with the variable condensers in the intermediate and 
detector- circuits and increases the inductance of the 





115. — Circuits of Marconi multiple tuner. 


143 


17 shows 
e various 


'S 

V 

.2 



.rt 

r> » oJ 



that the 
> of two 




144 • ^ 

It’ - * 


WRELESS TELEGRAPAY 


CoUs, t^}feJo,faciiijtate.;ih#cibEp^ of the circuit to 

:the priiparjr the 


f-.. f;>,' ■-'■.■ 



t..V 

■■',,■ I lr 


■>f 


C<«! 


Fig. 116 . 


/ ' Topical 


j? Operating cabin s.s. j^anconia, 

coils are carried on a shaft which terminates in a 
handle seen to the rijght in Fig. 11$ a|i«j the coupling 




10 — ( 5092 ) 


FlO. 117. . 

Kelerence numbers as in jL^'ig. 115. 
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between the circuits is thus varied simultaneously. On 
top of the tuner (Fig. 118) is a change-oter switch 
which enables the detector to be connected in the third 
circuit for tuned reception or places it directly in con- 
nection with the aerial circuit, which is the stand- 
by position ; in this position the detector will respond 
to a comparatively large range of wave-lengths, ^en 
working on the stand-by position the multiple tuning- 
switch should be in number 1 position, the small fixed 
capacity condenser will then act as a blocking con- 
denser to the primary of the magnetic detector. 
Referring to the diagram of the tuner, 1 is a high 
self-inductive shunt to earth ; its purpose is to pre- 
vent the accumulation of an electro-static charge on 
the aerial : 2 is a micrometer spark-gap and serves 
the same purpose as a lightning arrester and protects 
the primary circuit from the transmitter when it is in 
action. Terminals A and E are connected to the top 
and bottom plates of the earth arrester, when the 
transmitter is in action sparks pass across the gap and 
the primary circuit of the tuner is thus shorted out. 
When the transmitter ^is not in use the circuit from 
aerial to earth is complete through the primary coil 
of the tuner. It will thus be seen that the receiver 
can be left connected to the aerial and a change- 
over switch is not needed, also it permits the receiving 
operator to break in or interrupt the sending operator 
during the course of transmission if necessary. 

The terminals marked D, D are connected to the 
terminals marked A and E on the detector. Fig. 119 
shows connection between tuner and detector. Tlie 
magnetic detector has been fully described in the 
chapter on detectors’^ and it only remains to say that 
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Fig. 118 . 

Marconi multiple tuner. 
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th« . telephone receiver is short-circnited before the 
power circuit of the transmitter is closed by means of 
an extra pair of contacts which are closed by a, small 
arm which projects from the lever of the Morse key. 



Connections betuocii multiple timer iiiwl maKnclic detector. 


Telephone Condenser 

The telephone condenser shown in Fig. 120 is variable 
in seven steps by means of three .plugs. This con- 
denser, together with the telephones which have 
inductance and resistance form an oscillatory circuit, 
and the purpose of the condenser is to enable us to 
tunc the circuit to the spark frequency of the trans- 
mitter or to one of the harmonics of that frequency. 

Adjustment ok Multiple Tuner 

For stand-by working, the aerial circuit of the tuner 
should be adjusted to the 600-metre wave, ,as this is 
the standard wave-length of most ship stations. 
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When the t^iSr is connected across an earth arrester 
spark-gap, the aerial tuning inductance of the trans^ 
mitter, and the secondary winding of the oscillation 
transformer, will form part of the receiving circuit. 
The inductance of these coils, which are in ‘series with‘ 



Fig. 120. 

Connections of telephone condenser. 

1 .'Uid 2 tu s<>coiidary of detector. 3 and 4 
to triophonos. 5 and 6 to shorl*circuiting 
contacts on Morse key. 

the ' aerial, has already adjusted the circuit to the 
600-meter wave, the aerial tuning condenser should, 
therefore, be kept at short circuit, and the aerial tuning 
inductance of the multiple tuner at zero. Fig. 121 
shows the composition of the aerial circuit of the tuner 
for stand-by working. 
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To change over to the tuned sid6 the procedure is 
as follows : The aerial circuit of the tuner having been 
adjusted to the same wave-length as the transmitter 
which is making the call, an estimate should be made 
as to the wave-length being received, and the multiple 



Showing; » oni])Ohilion of circ uit for slaiul-by 
\vorking. 

1. A T 1 *>l tran^>iniittT, * 

2. Se-uHidary of osnllation tran'.forriuT. 

V'arlh arrpslt r. 

4. A*'iial tuiniif' inchictaiicc of tuiUT. 

5. Aerial tuning otmtleuser, 
t>. Change-over switeh. 

7. I’nniary of magnetic iletcctor. 

8. Fixed capacity conden^r. 
f>. Campling roil. 

tuning switch set accordingly. If it has been neces- 
sary to insert a large amount of the aerial tuning 
inductance in order to bring the aerial circuit to 
•resonance with the calling transmitter, a long wave is 
being received and the multiple tuning switch should 
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be placed on the third or fourth stop. If the aerial 
tuning inductance is at zero and the aerial tuning 
condenser set at a low value, to secure resonance with 
the calling transmitter, a short wave is being received, 
and the switch should be set on. stop 1 or stop 2. 
Stop 2 covers both the 300 and the 600-meter wave, 
and therefore will be most frequently used. Having 
set the multiple switch on the appropriate stop, put 
the change-over switch to the tune side, and vary the 
condensers in the intermediate and detector circuit 
together, until the. signals are at their maximum 
Strength. The ‘coupling between the three circuits 
should then be loosened a few degrees and the three 
circuits readjusted to resonance, this operation being 
repeated until the desired freedom from interference 
is attained. It is most convenient to start the adjust- 
ment of the intermediate and detector circuits with 
the condensers at zero capacity and gradually to in- 
crease it till resonance is attained. The coupling is 
tight when the intensifier handle is set at 90°, as the 
handle is turned toward zero the coupling is loosened. 

If the setting of the aerial tuning inductance and 
the setting of the aerial tuning condenser indicate that 
a 600 m^er wave is being received, the condensers in 
the intermediate and detector circuits may be at once 
adjusted by reference to the calibration chart, and all 
that is then necessary to change over to the tune side 
is to set the multiple switch on stop 2, put the change- 
over switch to tune, and adjust the coupling. 

The Multiple Tuner used as a Wave Meter 

The intermediate circuit of the multiple tuner is a 
calibrated circuit, that is, the wave-len^h for each 
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setting of the variable condenser, on each of the stops 
of the multiple tuning switch,, has been ascertained 
and recorded on a chart ; the tuner can therefore be 
used to measure wave-lengths. To measure the wave- 
length of a distant transmitter, tune in the signals 
:^th as loose a coupling as possible, note the setting 
of the multiple tuning switch and the setting of the 
intermediate condenser and refer to the chart. The 
chart is arranged in three columns, the second column 
gives the settings of the multiple tuning switch, the 
third column gives the settings of the intermediate 
condenser and the first column the ■^ave-lengths cor- 
responding to the settings. It should be noted that 
the readings on the chart are correct only when the 
coupling between the tuner circuits is very loose fnot 
more than 10®). To measure the wave-length of the 
transmitting circuits, the tuner should be discon- 
nected from the earth arrester gap, and the parts of 
the tuner which arc normally in the aerial circuit 
transformed into a closed oscillatory circuit by the 
connection of a loop of wire between the aerial and * 
the earth terminals of the tuner. This loop of wire 
is utilized to effect coupling between the timer and the 
transmitter, the coupling should, of coursdi be very 
loose, a distance of 10 or 12 ft. between .the loop and 
the oscillatory circuits of the transmitter, giving a 
sufficient coupling to produce audible signals with the 
intensifier handle at 10®. The transmitter is set in 
action and the oscillations tuned in in the usual way 
on the tuned side. When using the tuner as a wave 
meter to measure the transmitted wave-length, the 
aerial tuning condenser must not be short-circuited, 
as it now forms the capacity dn a closed circuit. 
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Fleming Valve Tuner, 

The action of the Fleming valve has already been 
described in a previous chapter, but the connections 
of the special timer with which it is incorporated may 
be of interest. Like the multiple tuner, it is of the 
three-circuit tj?pc, but the change-over switch simply 
substitutes different primary coils. The primary coil 



Fui. 123. 

Fk'luing valw tuner. 


in use on the stand-by position is closely coupled to the 
detector circuit and when the switch is put over to the 
tune position a primary coil coupled to the intermediate 
circuit, the coupling of which can be varied, is substi- 
tuted. The high self-inductive shunt and the micro- 
meter gap are connected in the same position and serve 
the same purpose as in the multiple tuner. Fig. 122 
is a diagram of the connections. It rvill be seen that 
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two valves are provided and a switch which changes 
the battery from on^ to the other. The purpose of 
the variable resistance is to regulate the current 
supplied to the filament of the valve. 

Crystal Receivers 

A carborundum crystal detector is sometimes sup- 
plied in addition to the magnetic detector. The third 
circuit of the multiple 
tuner is unsuitable for 
use with a potential 
actuated detector, as 
the capacity predomin- 
xtes over the induct- 
xnce, and the terminal 
/oltage at the con- 
lenser would therefore 
)e low. To enable a 
arborundum crystal to 
)e efficiently used with 
he multiple tuner an 
.daptor is necessary'. 

This consists of a 
oupling coil which is 
onnected to the tuner in place of the primary winding 
)f the magnetic detector, and to which is coupled a 
:oil, having large inductance, a variable condenser of 
mall capacity being connected across it. The detector 
s connected across this condenser as §hown in 
?ig. 124. 

It will be seen that there are four oscillating circuits 
vhen this arrangement is in use. The -wave-length 
ange of the fourth circuit is increased by means of a 



Fig. 124. 

Single vrystal receiver, for use with 
multiple tuner. 

P. Coupling coil which forms part of 
third circuit of multiple tuner. 

C. Carborundum crystal — 

1. Pin to connect up fixed capacity 
condenser. 

2. Pill to diM’oiinect cells when not 

III Use. 

R. Potentiometer. 

T. Telephone terminals. 
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'j^&i^ser of fixed capacity, which can be cohnccted 
iii parallel with the variable condenser by the insertion 
of a copper pin or disconnected by its withdrawal* 



Fig. 125. 

Showing connections between multiple tuner, 
magnetic detector, and crystal receiver. 

1. Multiple tuner. 

2. Mag^ietic detector. 

3. Crystal receiver. 

4. Changf’over switch. 

5. Telephone condenser. 

6. Jjuw resistance telephones. 

7. High resistance telephones. 

8. Short«rircUitii)g contacts. 

The telephone receivers used have a total resistance* 
of about 8,000 ohms. A double-pole double-throw 
switch is provided in order that the change from one 
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etector to the other may he quickly made. The 
onit^tions between the detectors and the tuner are 
howi^, in Figv 125. 




Balanced crystal receiver, 

1. Micro-inetcr gap. 

' 2 . High self-induction shunt. 

3. Aerial tuning inductance. 

4. Aerial tuning condenser. 

5. Primary coupling coil. 

6. Secondary coupling coil. 

7. Detector tiiniug ei»iidenser. 

8 and 9. Potentiometers. 

10. Step-down transformer. 

1 1 . Low resistance telephones. 

C, C^. Cr>’stals. 


Balanced Crystal Receiver 

The , action of the balanced crystal receiver has 
•eady been explained" in Chapter V*. - Fig. 126 
ows the connections of, the instrument as supplied 
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,;by the Marconi Company. The composition of the 
aerial circuit is the same as that of the multiple tuner, 
and the circuit is protected in the usual way, by means 
of a micrometer spark-gap and high s^-inductive 
shunt. The wave-length range of the det^tor circuit 
can be varied by altering the inductance, which is 
variable in three steps. If only one crystal is inserted . 
the apparatus can be used as an ordinary crystri 
receiver, for balanced crystal workiLk both crystal 
must be inserted and in such a direction that thej 
rectify oppositely. 



CHAPTER VII 

THE POULSEN SYSTEM 

The 'Poulsen Arc — ^The Tikker Receiver — Phbtographic 
Recorder — High-speed Transmitter — Tone Sender 

The Poulsen system is based on the discovery of 
Mr. Duddell that if a direct-current arc is shunted by 
a circuit containing capacity and inductance there 
will be established in the 
circuit electrical oscillations, 
the frequency of which de- 
pends upon the value of the 
inductance and capacity. 

The reason of this is that 
unlike a metallic conductor 
the arc docs not follow Ohm’s 
law and the curve showing the 
relation between current and 
terminal voltage is not a 
straight rising line, but has 
what is termed a falling 
characteristic (Fig. 127) — ^that is to say, if the current 
through the arc be increased the potential difference at 
its terminals will drop. Suppose now that a circuit with 
capacity and inductance in series is placed across the ter- 
minals of an arc, the condenser will charge, and in doing 
so, the current through the arc being lessened, the poten- 
tial difference at its terminals will increase and charge 
the condenser to a still higher voltage. After the 
capacity is fully charged the current through the arc 
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Fig. 127. 

A ~ Arc. B = Metallic 
conductor. 
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. will increase, and owing to the dfbp in voltag^fwhicli 
it . cans# the condenser will discharge aqross the . arc, 
and the discharge will, if the resistance -is small, be 
oscillatory. In order to obtain oscillations of con- 
. siderable energy, Mr. Duddell found that it was neces- 
sary to use a capacity of the order of 1 microfarad, 
and with*^a capacity of this magnitude it was not 



PouLsen arc transmitter. 

possible to obtain the very high freciuencies needed 
for Radio-Telegraphy. 

Poulsen’s great discovery was the effect of a hydro- 
gen atmosphere which by cooling the arc increased 
the steepness of its characteristic curve, and also the 
use of a very powerful magnetic field which enabled 
him to get a high terminal voltage. By the use of 
the arc burning in a hydrogen atmosphere, and ^e 
powerful transverse magnetic field, he was able to use 
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a small capacity and thus get oscillations of the fre- 
quencies useful for Radio-Telegraphy and at the same 
time powerful. The practical construction of the 
Poulsen arc is as follows : the anode is made of 
copper and the end takes the form of a beak (Fig. 128). 
The cathode is of carbon about 1 in. in diameter, 
the arc striking between the copper beak and the 
edge of the carbon. The carbon is fitted in a holder 
which is slowly rotated by means ot a small motor, 
and as it burns away a fresli surface is presented and 
the length of the arc koj)t constant. * I'he arc-length 
is also adjustable by mt'ans of a screw fitted to the 
copper electrode. 

The electrodes are taken through insulating sleeves 
in the sides of a water-cooled 'metallic chamber which 
is also flanged on the outside to assist the cooling. 
Through the sides of the cliamber, and transversely 
to the electrodes, pass the pole-pieces of a powerful 
electro-magnet wliicli blows the arc out into a loop, 
the nfinding of the magnets being in scries with the 
arc also s(*rve as choking coils and prevent the oscilla- 
tions from passing back into the suj)ph' circuit. The 
chamber in which the arc bums is supplied with 
hydrogen through a tub(^ let into its base and after 
passing through the chamber escape's through an 
outlet at the top and is conveyed away by means of a 
tube connected to it. The arc is connected across a 
500 volt direct-current suj)ply and across it is shunted 
the primary circuit, which consists of a condenser and 
an inductance in scries. Tlie aerial is connected to 
one point of the inductance and the earth wire to 
another. Signalling is effected by shorting through 
the- Morse key a turn or two of the inductance which 

Jl— (5092) 
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Fig. 129 . 
Poulsen art 
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alters the wave-length and throws the transmitter 
in and out of tune with the receiver, a difference of 
about 5 per cent, being sufficient. As energy is 
supplied to the aerial at every swing the oscdlatioos 
emitted from the Poulsen generator are coittinuous 
and ondamp^, or practically so. The^ feceivixig; 
arrahgefnent used in eonjunction with the Poulsen 
trahsnutter is unlike that of any other system inas- 
much as no detector is made use of, but the received 



Fig. 130 . 

Poulsen tikker receiver. 


energy accumulated in a condenser and discharged at 
intervals through the telephone by means of a piece 
of apparatus which the inventor has named a tikker. 
Fig. 130 shows diagrammatically the -receiving circuits.' 
A is the primary coil with variable condenser across 
its terminals to adjust the tuning ; coupled to this 
coil is the secondary circuit B, which consists of a coil 
and a variable condenser ; across the terminals of this, 
condenser, is joined a mica condenser of fairly large 
capacity and the tikker, which is an intermittent con- 
tact formed by two gold-plated brass wires crossing 
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eac\\ at rig\it atvgks., one oi t\\em being mounted 
at the end of a small electro-magnetic make and break 



Fig. 131. 

T^oiilscn tikkcr receiver. 


similar in construction to a trembler bell. The tele- 
phone, which is of low resistance, is joined across the 
mica condenser. The action of the tikker is as follows ; 
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the primary is first tuned to the sending station and 
the secondary tuned to the primary. During the 
intervals when the tikker contacts are open the 
secondary circuit is left free to resonate up, and the 
energy of many oscillations thus accumulated when 
the tikker contacts close, the circuit, owing to the 
added capacity of the mica condenser, which is now in 
parallel, will oscillate to a lower frequency. The 
opening of the tikker contacts will be determined by 
the presence or absence of a current across them, as 
this determines tlie conductivity of the small gap 
between the wires as the tikker starts to open. It will 
thus be seen that when the current is- passing through 
zero the mica condenser, charged as it is with the 
greater part of the energy, will be disconnected from 
the secondary circuit and discharge through the 
telephone. 

Tlie coupling between the primary and the secondary 
is very loose and full use is thus made of resonance, 
the 'tuning being so sharp that a difference of 4 or 5 
per cent, in wave length is sufficient to render the sig- 
nals inaudible. The tikker method, although one of the 
most sensitive means known for detecting electrical 
oscillations, labours under the disadvantage that it is 
not able to receive signals from the ordinary spark 
transmitters which give out damped and discontinuous 
oscillations. 


Photogkaviiic Recorder 

Valdcnar Poulsen in conjunction with his assistants 
has devised a very sensitive recorder capable of 
recording signals at a high rate. It consists of a 
string galvanometer composed of a very powerful 
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electro-magnet between the poles of which is stretched 
an exceedingly^ fine gold wire. The imagfe of the wire is 
by means of a microscope magnified and thrown on to 
a moving strip of sensitised paper. If now signals 
actuate the thcrmo-detoctor it 'will pass a current 
through the fine wire to which it is joined, and the wire 
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with Horizontal Slit 
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1 1C. 132. 

Poulsen photographic recorticr. 


will be deflected and the position of its image on the 
tape will be altered ; it will thus be seen that the 
recording of a dot or a dash depends upon the time 
w'hich the wire is displaced from its position or rest. 


Fig. 133. 

Specimen of slip — (104 words per minute). 

V 

The tape after recording the signals passes through 
a tank containing developer and then through one in 
which is contained the fi.xing solution. Fig. 132 shows 
the arrangement of the apparatus and Fig. 133 a 
specimen of the tape. 
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PouLSKN High-speed Transmitter 

Tlic high-speed transmitter is arranged to take 
messages'" prepared on perforated slip by a modified 
"Wheatstone perforator. The perforator is modified 
by the removal of one punch each from the sets con- 
trolled by the dash lever and by the dot lever, so that 
a dash consists <jf a single perforation on the upper part 
of the slip and two centre perforations, whilst a dot 

V 


^ IHlfl ^ 

zri 

Fig. 134. 

consists of a singU' perforation in the lower part and a 
single centre perforati«m. The transmitter (designed 
by Professoi; Pedersen) is ananged in drum form, and 
the essential principle of its electrical action, is as 
follows — 

A mark is signalled by sliort-circuiting a portion of 
the aerial inductance helix, and this short circuit 
involves the closing of two separate contacts in series. 
Any sparking that occurs is therefore at the latter of 
the two makes and the former of the two breaks. 
These sparking contacts, determining the final make 
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and break of the short-circuit current, arc hca\ y, and 
do not depend on the punched slip for their operation. 



The slip controls the first make and second break con- 
tacts only, which, as they are not subject to sparking, 
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may be of li.ijht construction. Fig. 134 is a diagram- 
matic representation of the transmitter. A, B, C are 



the heavy-contact drums ; while a, b, c are rows of 
radial pins thrust outwards by the operation of the 
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punched strip, and constituting the sparklcss msl line 
of i^ntacts. C and c control the dots, while A and «, 
Mid B and b control the dashes. Dashk beginning on 
f even centre perforations utilise A. a, while dashes on 
the odd perforations utilise B, b. Figs. 135 and 136 
show the appearance of a recent design of the machine;; 

The three drums A, B, C, arc fitted with copper- 
marking segments and glass-spacing segments, and 
copper brushes bear against them.* The pins a, b, c, 
projecting radially from the rotating drums or rings, 
are thrust outwards from the drum, so as to bridge 
the fi-\cd spring contacts “ knife-switch ” fashion as 
they pass, whenever small It'Vers controlled by the 
plunger-pairs are projected through the dot-and-dash 
perforations in the pajH-r strip. It will thus bo seen 
that the tamtrcilling eontact pins a, h. c are set in 
position in advance-, to accord with the dot-and-dash 
perforations in tht* punche<l tape, and retain their 
positions during a part of the evolution of the drums 
until they h.ave pa'^M-d the spring contacts. They are 
then automatically withdrawn to the gradually normal 
positions. 

The macliine has hem practically operated up to 
speeds of 3<W) words per minute, and it then ai)pcars to 
operate as efficiently as at the lower speeds. The Com- 
pany have a number <d maebines under construction, 
in which sundry improvements are embodied. 

It should be mentioned that in one respect the high- 
speed transmitter operates differently from the Morse 
key. Whereas the latter “ marks ” with the longer 
wave and “ spaces ” with the shorter, the former 

* In the later form of transmitter sh(»wn in 6 and 7, air space 
insulation is provided between the segments. 
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reverses this procedure, and the dots and dashes on the 
received slip appear as short and long periods of zero 
deflection. That is, the receiving apparatus remains 
quiescent during the marking periods, and b deflaisted 
during the‘ spacing periods. The machine is covered 
by Britbh patent No. 25190, a.d. 1909. 

this description of the Poulsen hif^h-speed trans- 
mitter is reproduced from The P.0, lilcctrical Kn%iivcc»^ 
Journal, by kind permbsion of the boardr oi Ednom 

The Tom- SvsPkk 

j' 

Imu the ctuUinuous and ttnd;tTO|>ed WaVdS s«Hl 0«f 
by the Poubon system to Vk‘ heard l>y an ordwiary' 
spark receiver it is necessary that they should be cut 
up into rapidly alternating traihs of marking and 
spacing waves. This is effected bj- connecting across 
tlic Morse key .'i rotary make and break driven at a 
high rate (9()0 to I,(M)0 contacts per second). The 
signals heard when sucli an arrangement is in use have 
' a higli musical note, but are not so strong as with the 
ordinary arrangement used in conjunction with the 
tikker receiver. 


Bh.\t Reception 

The invention and perfecting of the three electrode 
valve, has made possible the reception of continuous 
and undamped oscillations without a tikker, by pro- 
viding a simple and reliable means for generating 
in the circuits of the receiver high frequenc)? currents. 
The action of the beat receiver is based on the fact, 
that if currents of two different frequencies arc gener- 
ated in the same oscillatory circuit,- they combine 
and produce a third frequency equal to the difference 
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between them. Suppose for instance, that the fre- 
quency of the received oscillations is 500,000 per 
second and that the frecpiency of the locally generated 
oscillations is 499,000 per second, the current resulting 
from the interference of the two different frequencies 
will be 1,000 cycles per second. This fre<iuency being 
within the limits of audibilitj', will actuate the tele- 
phone receiver. The circuit in which the local oscil- 
lations are generated, may be coupled to the aerial 
circuit of the receiver, an additional coupling coil 
being inserted in the circuit for the purpose. 



CHAPTER VIII 

TELKFUNKEN QUKNXIIKD SPARK SYSTEM 

The Transmitter — The Receiver^ — Calling-up Apparatus — 
Sound Intensifier 

The qiienclu'd spark m(‘thod of exciting (electrical 
oscillations, of wliicli tlie Ttlefunkeii S3"stem is the 
most wiclety used, is based on the experimental work 
of Professor Wien. 

While making expcTimcnts on two coupled circuits 
the primary or exciting circuit of whicli contained a 
very short spark-gap, he found that in place of the 
usual coupled waves only one existed, the wave-length 
of whicli was determined solely by the capacit\’ and 
inductance of the secondary circuit. This is no doubt 
due to the fact that, when the sj^rk-gap length is very 
short and tlu^ surface of ^he electrodes large, compared 
with it, the primaiy oscillations are rapidlj" damped 
out and ceas(' to c.xist after two or three swings, and 
the eiiergx’^ being transfern*d to the secondarx’ circuit 
and the coupling broken, the secondaiy circuit is left 
free to oscillat<* in its own n.atural frequency. Owing 
to the cooling of the gap and the consequent quick 
restoration of its high resistance there is no reflux 
back from the primary to the secondary' as occurs in 
the ordinary coupled spark transmitters. 

It will be seen that as tlie oscillation in the primary 
lasts for only a foxx^ sxvings the condenser losses in that 
circuit are a matter of comparatixxly small importance 
and it is therefore possible to use condensers haxdng 
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or paraiKn pap6r as a dielectric, tliiis ejecting 
a great saving in space. The aerial used with a 
quenched spark transmitter is ot the slow radiatii]^ 
type umbrella, or T -shaped, and the okillations emitted 
are therefore feebly damped and persistent. Fig. 137 



rnniary 

System 
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Secondary 

System 



Fig. 137 . 


shows the character of the oscillations emitted from 
an ordinary spark transmitter and those emitted by 
a quenched spark transmitter. The efficiency of this 
method of generating electrical oscillations is very 
high, 75 to 80 per cent, being the efficiency claimed for 
the larger installations. As an example of the Tele- 
f unken system a description of their I.T.K. set is given 



TElIfUNKEN WENCHET? fePARK SYSTEM - ITiS. 

below-, .This. set is built to give an oscillating energy 
in the aerial of about 1 k^owatt. Fig. 138 shows 



Fig. 1;w. 

OsrillUorv circuits. Telcfunkcn transmitter. 

the connections of the juinuiry anil secondary oscilla- 
ting circuits. Till' closed circuit consists of quenched 
spark-gap, condenser- whicli has i>aranined paper as 
dielectric— continuously variable inductance and a 
portion of thij flat .spiral inductance all in series. To 
two points on this latter are connected tl.e earth and 
aerial leads, the latter through a U-ngthening coil and 
the former having included in it the usual hot wire 
ampdre meter. The leads from the secondary of the 
alternating-current transformer are connected across 
the condenser. Figs. 139 and 140 are photographs of 
the set. The hsmdle to left .of Fig. 140 varies the in- 
ductance of the primary circuit. Fig. 141 is the aerial 
lengthening coil. When setting up a station the posi- 
tion of the clips for different wave-lengths arc marked 
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the ship’s mains. Fig. 143 shows the wiring of the 
switchboard, and Fig. 144 shows the combhied starter 
and field regulating resistance. Fig. 145 shows the 
receiving apparatus, and Fig. 146 is a diagram of the 
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connections. It will be seen tluit there nre only two 
circuits in the tuner, thg primary or aerial circuit 
and the detector circuit. This latter, owing to the 
inclusion of the detector in It, is practically an aperiodic 
circuit. The only adjustment, therefore, is on the 

12-*H5092) 



^ (vpj j, ''""ig a very I 

® ®“jpie ri?^' ‘ '^““^dnof h ^ aeri-il 


tElEtUNKEN yuENCHED SPARK SYSTEM \% 


detector and cause a serious reduction in its sensitive- 
ness and perhaps damage it. This can be mitigated 
by the employment of a receiver of the three-circuit 
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Quenched spark-gap. 

type, the intermediate circuit of which is verj' feebly 
damped and which is loosely coupled to the aerial, 
and not very closely to the detector circuit. Fig. 147 
shows a Telefunken tuner of this type. The coils of 
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the intcniiediate circuit arc interchangeable and a 
considerable range of wave-lengths can thus be covered. 

Callixg-up Apparatus 

The Telefunken Company supply witli their stations 
a call-up device the construction of which is very 
ingenious. The following is a description of the 



apparatus : the pointer of a well-balanced moving 

_7 

coil galvanometer, having a sensitiveness of 1 x 10 , 
is deflected by the current from the detector, if the 
current lasts for about ten seconds — e.g., if the trans- 
mitter sends an uninterrupted dash for ten seconds. 
If the duration of the dash is much shorter, as when 
Morse signals arc being sent, a suitable deflection is 
not obtained owing to the inertia of the galvanometer. 
When the pointer is deflected it engages in a toothe<l 
wheel which is continuously revolved by clockwork 



teIefunken quenched spark system 181 


and is depressed by it, thus closing a circuit containing 
a trembler bell which gives the alarm. The pointer is 



Fig 144. 


Combined starter and field regulator. 

R| Starting Roshtami'. Rj Fi«‘Ul RuMstancc. 

released by means of a lever movement when the .call 
is answered by the operator. Fig. 148 shows the 
apparatus as supplied to ship stations mounted in 
cardan suspension. 
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The loss of the Titanic bronght forcibly home to the 
minds of the people the necessity for some kind of call 
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Telefunken receiver. 

apparatus that would respond only to distress signals 
being installed on vessels carrying only one operator. 
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It ai^acs to the Writer that the above apjWiiWtUR- 
WOttld^ if i^(^rtam alterations were made in the distress 
sighal, meet all requirements. 

If instead of the present S.O.S. a long dash were . 
substituted, to be followed by the usual particulars 
as to the distressed vessel’s position' etc., the ringing 
of the* alarm bellfwould call the attention of the 


Fig. 146. 

Circuits of Tclefimkcn receiver. 

operator, who would then take the particulars in the 
usual way. 

Before any such device were adopted for the purpose 
it wpuld, of course, have to undergo most searching 
tests as to its reliability. 

Telefunken Sound Intensifier 

'The purpose of the sound intensifier is first, by 
mems of mechanical timing, to select signals of a 
given tone or spark frequency and then to intensify 
them. Tliis is achieved in the following manner : 
the pulsating ‘ current which is given out by the 
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detector when it is actuated by signals passes through 
the coib of an electric magnet wound to a high resis- 



Kici. 147. 

Tclefunktu rcccivor (three circuit type). 

tance. The magnet is provided with a light armature 
with ail accentuated natural period corresponding 
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l-u;. HS. 


■ It is the 
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Tclcfiinkcfi sound inicnsiiictr 





TRL^.I UNKEN igtJENClIED SPARK SYSTEM 1^7 
• * ’ * . - 
ami^ros'ftud the signals rendered so loud as to be 
audible at a considerable distance from the telephone. 



For ship working the intensifier is suspended in a 
well-sprung and damped cardan suspension, and it is 
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claimed that the apparatus requires little adjustment 
and remains constant for long periods. By the inser- 
tion of a small transformer anti a rectifying detector 
it is also possible to work a Morse printer and thus 
obtain tlie advantage of a p<'rmanent record without 
sacrifice of distance. The diagram shows connections 
for reception either by printer or telephone. 



CHAPTER IX 

THK LKPEL SYSTEM 


The Tmnsniilter ^Musical Xote J>ovice — ^I'he Kcccivcr — 
Modihcatioii lor Receiving rndanipecl Waves 

The Lopel system, like the Telefuiiken, generates 
electrical oscillations by means of quenclied sparks, 
but instead of a number of gaps in series only one is 
used and direct current instead of alternating. Fig. 151 



lA'prl i|iK'Uclu*(l spark traiiMnittcr. 

shows diagrammatically the aramgement of sending 
circuits as used by the Lepel syndicate. 

Across a 500 volt direct-current supply is joined 
the spark-gap, the positive electrode being made of 
pure electrolytic coi^per, and h(»llow to admit of water 
cooling : the negative' electrode is made of delta metal 
and backs on to a water-cooled chamber. The elec- 
trodes are held apart by one or two paper discs (Fig, 
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Fro. 152. 

Paper discs used in ^pel transmitter. 
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152) having a circular hole punched out in the centre. 
By this method the spark-length is automatically set 
and the slow combustion of the paper allows a clean 
surface for the spark to pass, which greatly improves 
the regularity of the working. Across the sparfcsgap 
is shunted a circuit consisting of one or more turns of 
induc^nce wliich in tlie case of the 1-epel system takes 
tfie fonn of a Hat coi)per tape of large surface wound 
on a cylindrical fonner, and a condenser made from 


I ^ 



I'IC. 153 . 
I.C1H*! spark-gap. 


copjier foil uath mica dielectric. The capacity of this 
condenser, it is found, should be kept rather large, 
something of the order of 1(X),000 centimetres being 
used. To the jirimary circuit is electro-magnetically 
coupled a secondary circuit, the ends of which are 
joined to antennae and earth respectively. A and B 
(Fig. 157) are choking coiR K is the Morse key and 
R is resistance built up of iron filaments enclosed in 
glass bulbs containing a hydrogen atmosphere. This 
form of resistance, which the reader will no doubt 
recognise as being siinilar to those used in the Nemst 
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lamp, constitutes a constant current (ic^cc, and should 
the spark-gap frtJin any cause become sliortcd the 
lamps at once increase their resistance and prevent the 
current from rising to dangerous proportions. 



Fig. 154. 

Ctjmpleif 


The oscillations emitted from an arrangement of 
this kind are very feebly damped, the decrement being 
a.s low as .04, and are so nearly continuous that the 
effect on a receiver is that the signals are only audible 
as a faint blowing sound and probably could not be 
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detected af aU%t any great distance unless some form 

of interrupter was inserted in the receiver to cut up 
the current through the telephone. By an ingenious 
application of Mr. Wm. Duddell’s discovery that a 
direct-current arc would, if shunted by a circuit con- ■ 
taining capacity and inductance, ■ emit a musical 
sound,^thc frequency of which corresponded to the 
efectrical frequency of the circuit, the inventor has 

tttf 

Inductance 

B 

Mica Condcnser 





^ Fig. 155. 

Miisical note apparatus. Terminals A and B arc 
connected to 1 and 2. Fig. 109. The cod is not coupled 
to either primary or .sec»»iulary. 


greatly extended the utility of the apparatus, inas- 
much as by the use of the Duddcll circuit the signals 
can be given out as pure musical notes and are thereby 
rendered distinctly audible, in the receivers employed 
in ordinary spark installations. Each Lepel station 
is also fitted with a keyboard giving the operator a 
choice of eight notes so that it is possible to play simple 
tunes with The same ease, as signals are sent. The 
receiver is of the thrcc-coil type and is shown in Fig. 157. 
The primary coil is connected to the antennae and earth 
and has across its terminals a variable capacity by 

^3-^500S) 



194 


WIRKLKSS TELKCiriwiY ’ ^ 

ir* ■ ^ * 

means of which the tuning is effected. fThd inductance 
of the ijriinury coil is also variable in several steps. 



Coupled to the jirimary is the secondary circuit, which 
consists of a coil variable in steps and a variable con- 
denser. The tertiary circ\iit, which contains the 
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detector, is iftductively coupled to the secondary’. 
The detector is of th(“ thermo-electric variety and con- 
sists of a graphite point resting against a piece of 
galena. The rec(;iver can be. arranged for the rect:ption 
of signals from ordinary sj)ark si nders and from Lcpel 
stations using musical notes, or for the reception of the 
WTvdatvvped «.)Sci\\ations from a Voulsen transmitter. 



L(*prl rrt'civcr. Arr.in^c'incnt of < ircuils for roropt ion of spark 
sii’iials. liisot sliows nuvIilK.ition lo receive iirnlaniiieii waves. 


or from a l-oprl set working witlioiit miisical-notc 
dr.vicc*. The (iiange is cffcctiul by simply movii^g to 
t)n(* side or tho other a two-way switch ; when it is 
desired to nx'cive signals from a >park sender the 
switch is placed in a position such that the tertiary 
•ircuit is made up of the coil joined in series with a 
miall blocking condenser and the detector ; the phones 
^eing joined across the terminals of the condenser. 
iVhcn it is desired to receive the undamped waves 




I 
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the switch is placed in the alternative position, wlnm 
the circuit is composed as follows : In parallel with the 
blocking capacity is connected a piece of apparatus 



known as an elc*ctrolytic condenser. It consists of 
two pieces of foil about 3 centimetres in length by 1 
in width immersed in an electrolyte and scaled into 
a glass tube, the wires by which connfection is made to 
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tlic foil strips passing out tlirougli the walls of the tube. 
One lead of the telephone is also*’ broken and a small 
intermittent contact, consisting of two gold wires 
crossing each other at right angles, inserted. The 
action of a receivet^rranged in this way is as follows : 
on the oscillations passing across the graphite-galena 
junction it is heated and a small direct potential 
difference is created at its terminals. This potential 
difference acting on the electrolytic condenser polarises 
it — that is to say, a very thin film of hydrogen is 



I'V.. 159. 

K l*"Ct rol >'t ic cSndenscr. 


deposited on the foil plates ; this film constitutes the 
dielectric of the condenser and being microscopically 
thin the capacity is enormous, something of the order 
of two microfarads. After p«)larising it, and thereb}' 
making it a condenser, the thermo junction charges 
it, and this charge is sent through the teleplione 
I’ccciver every time the interrupter makes contact. 

It will be seen that, like the Poulscn tikker arrange- 
ment, this is an integrating receiver— 'that is to say, 
the energy of the oscillations is nfilciTed over a given 
short period, determined by the speed at which the 
interrupter is running, and then discharged through 
the telephone, producing an enhanced effect. 











(MAPTHR X 

GOLDSCHMIDI HI(in-lKi:<jrKNC\' Al/IKKNATOK 

A MAc:mNK which prDiniscs in the nr;ir futiin* t<» rcvo- 
liiliuuisc all cxi>tin!-: methods <»f imKliicing electrical 
oscillations is the (ioldschmidt high - iVequt*ncv 
alternator. For wiri'less telegraphy fri'queiK'ies id 
from 40,000 upwards are needed and for communica- 
tion over great distanc es large energy' is also n.‘(piired. 
High fretpiency and large eiuugy are contrary con- 
ditions and the fre<pu*ncy limit, (lei)ending as it does 
tni the nece^>ary cros^-section of the winding, the 
insulation, width of }>olt‘-piec<‘S and the safe eirciim- 
fenmtial spted ot tlu* nilor, is mm>u reat hed and is of 
the order of 15,000 cycles j)er secauid. The principle 
on which Dr. (l(»lcKchmidt’s machine i^ based will hv. 
best undcu'stcjod in the following way : suppose the 
current from an alternate u* giving, saj’, 15,000 cyrU‘S 
p<‘r second lie sent thnnigh the stator of a similar and 
synchronous running mac liine this would then deliver 
an alternating current at 30,000 cycles per second, this 
going into the ^tat()^ of a tliird machine. An alternating 
current of 45,000 cycles per second would residt, and 
so on. It i>, however, unnecessary to employ a num- 
ber of rnacliines, tlu* fn <iuency transformation being 
effected by a single alte*rnator. Suppose a iiuicliinc^ 
constructed to give an alternating cxirrent of 15,0()0 
cycles, stator and rotor being identically wound, has 
its stator excited by direct current (Fig. 160) the rotor 
will give an alternating current having a frcqu(^ncy 
of 15,000. The rotor is then short-circuited by means 
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of capacity and inductance, fonninf? a closed oscillating 
circuit tuned to this frecpu-ncy. By reaction between 
rotor and stator, an alternating current of 30,0(X) cycles 
is set up in the stator circuit (which is tuned to this 
fre<iuency), namely, 15,(X)0'by induction and 15,<M)0 
due to th(' revolution, this again reacts on the rotor 
to which is added a circuit tuned to a frequenc}’ of 
45,000, and so on, the last circuit added containing 
tiu; antennae and eai tJi. Fig. 160 shows such a machine 
arranged to give a fretpiency in the antennae of 60,000, 



which e<iuals a wave-length of 5,000 metres. It will be 
seen that tin; oscillations emitted by such a machine 
will be continuous and undamped and pro\ided the 
machine runs at a constant speed there will be no 
fluctuation in the wave-length. It shoidd be noted 
that the process is not a liltration of harmonics, as 
sometimes erroneously stated, but a true transformation 
of frequency, each freipiencj’ bc>ing only in existence 
on its owir circuit. If the stator of the machine be 
excited by alternating instead of direct emrent the 
signals are heard in the receiver as a musical note. 
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with direct-current excitation it would of coarse be 



necessary to employ 
a receiver o^ the 
Poulsen tikker type. 
In the opinion of the 
company owning the 
Goldschmidt patents 
there will be no diffi- 
culty in constructing 
machine.i for any 
desired output, a 
machine having an 
output of 12|- kw. 
at a fre<iucncy of 
30, (XK), which is the 
frequency corre- 
sponding to a wave- 
length of 10,000 
metres, and an out- 
put of 8 to 10 kw. 
for a wave-length of 
5,000 metres having 
already been con- 
structed and oper- 
ated successfully for 
a considerable time. 

Thp highest fre- 
<iuency so far ob- 
tained is 100,000 
cycles i)er second, 
which equals a wave- 
length of 3,000 


metres. The efficiency of these machines is remarkably 
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high, at least for the long waves, the iron losses, 
being kept low by minute subdiyision of the cores. 
The efficiency of a machine giving a 10,000 metre 
wave is about 80 per cent. 

For ship working, especially on small vessels where 
it is impossible to efcct antennae of large size, it would 
be necessary to employ frequencies varying from about 
1,500,000 to 450,000 to cover the wave-lengths used, 
and at these enormously high frequencies it is possible 
that the efficiency of the machine might be so low 
owing to iron losses that it would not be serviceable. 
For large stations where it is possible to erect large 
antennae it seems likely that the (ioldschmidt high- 
frequency alternator or a machine similar to it will 
perhaps in the near future displace all other methods 
of generating electrical oscillations. 



CHAPTER XI 

POKTABLli INSIALLAriONS AN1» SMALI.-l’OWUU SKTS 

Marconi i kw. Sot -Marconi Military Set Marconi j kw. 
Set — Telefunken Sinall-rowor Sliip Set— Tcictiinken 
Simplified Kocoivor -Telefunken Airship Station —Lopol 
Military' Set 

Ix dosigninj; small-potvor sots and portable installations 
the chief considerations are light weight, compactness, 
the ease and speed with which the installation can be 
brought into operation, the limited amount of spaci' 
available for their iTection, simplicity of construction 
and manipulation, and in many lases the cost is an 
important consideration. The larger companies now 
manufacture sets desigm.’d for usi- in almost all circum- 
stances and we have found it somewhat dillicult to 
select e.xamples. In the following pages will be found 
a description of the Marconi h kilowatt set, the Mar- 
coni cavalry set, ^mall-power Telefunken shiji’s in- 
stallation, simjditied receiver for use on yachts and 
very small craft where a transmitter is unnecessary 
or impossible to install, also of the Telefunken airship 
installation and a short description of a J-epel military 
station. 

Makcoxi Kilow.vtt Skt 

This set is the result of much tliought on the part of 
the Marconi Company’s engineering staff to produce 
a small compact and efficient set suitable for cargo 
boats and other vessels where the ordinary standard 
ship equipmtmts are too large, 
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The transmitter consists of rotary converter with 
starting switch, field regulating resistance and guard 
lamps, driven by the direct cun’ent frcjm the ship’s 
d5n^iamo anti supplying an alternating current to 
the alternating- current transformer. The Morse key, 
ciirrent-regulating device, ampere meter, fuses, and 
the primary winding of the transformer are connected 
in series and to the slii)-rings (d the alternating-current 
side of the conx'erter. The secondary winding of the 
transformer is connected through two air-core choking 
coils to the condenser which forms the capacity in the 
primary o.scillatory circuit. 

The primary oscillation circuit consists of glass plate 
condenser and stud disc discharger and the inimaiy 
c<til of tile oscillation transformer. The secondary 
winding of the oscillation transformer is ctmnected 
on one side to the aerial through a variable tuning 
inductance and on the other side to the top jdate of the 
earth spark-gap, the bottom plate of which is earthed. 

The rotary converter is of the vertical type and 
occupies a minimum of lloor space. It is designed to 
suit the direct-current supplj’ available on the ship, 
has eight poles and runs at a speed of 2,25t) revolutions 
per minute, thus giving a sjiark frequency of 300 per 
second. The discharger btt.x is made of aluminium 
and is fitted on top of the converter. It contains an 
eight-stud disc, which is carried on the armature shaft 
by an insulating bush, the. top of the box is made of 
ebonite, and carries two electrodes. 

These electrodes arc designed to be independently 
adjusted, and both electrodt's can be moved so as to 
regulate the time of the discharge in relation to the 
alternator. A scale of 180° is fixed on top of the 
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dischigrgcr box. The phase displacement is shown by 
index mark on the disc carrying the electrodes.', 
the index mark is at 0° on the scale the discharge 
iirfU take place at the moment the alternator gives 
maximum voltage ; at 10° the discharge will take place 
10® after the alternator has reached maximum voltage. 



Fig. 163 . 

Marconi two-circuit tuner. 


and so on. The primary of the o.scillation transformei* 
consists of about 7 turns of copper strip ; connection 
to it is made by means of cHps and a ready means 
is thus provided for wave-length adjustment. The 
secondary winding consists of about 20tums of stranded 
copper wire wound on a wooden fomier 12 in. square. 
The coupling between the coils is varied by sliding 
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the secondarj’ coil over the priniury. The transmitting 
apparatus, with the exception of the oscillation trans- 
fornicr, Morse kej', starting switch and held reguVatoT, 
ate enclosed In a svnind-prooi cabinet fr»)m which they 
can be withdrami for inspection or repair by means 
of a sliding base on which they arc mounted. The 



Cir« nits of tuner. 

1. Aft ml l.i .’sig iiiilin lanrr-. 

’J, I’ritiiarv < '/uplu.g t <•)!, 

Ivp r mr ( I >>il. 

4. High -cU-iinliK l.uii •• ^liiiHt, 

.S. Mil ro-iiK t« I g.ip. 

«i aii«l 7. Vari.iblo tinnh iiNcr'.. 

H. ( Inuigi-iiV'T 'Witrh. 

tuner used is shown in Fig. 163. It has two circuits : 
.the aerial circuit, the tuning of which is effected 
by means of a variable inductjincc and a variable 
condenser ; and a detector circuit, which is tuned by 
means of a variable condenser. A change-over switcli 
is provided for changing the detector from stand-by 
to tunc position, and means arc also provided 
for varying' tlie coujiling between the coils. It will 
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Fig. 166 . 

Marcopi field set ready for use. 


tKJ^TABlJl.lNSTAlIATlONS 2(® 


be Seen that this tuner is siihilar to the multiple tuner, 
the intenneduite. circuit being omitted. Although the 



Phot, . • Fig. 167. 


Marconi field set in use. 

tuner is not so selective as the multij^ tuner the 
omission of the intermediate circuit is no doiibt fully 
compensated for by increased simplicity, which is of 

14— (SOKU 
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tho lirst iinportumv in tin- circimi^tiiiu i ^ \vl u li it has 
boon dosijjnotl ti> iiicot. 



The wave-length range is from 250 to 1,600 metres, 
dnd the detector used is the magnetic. 
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M \R{'()M PoK l ABLE MILITARY SET 
riir plioiop-aphs 165, 166 and 167 show a 

Marconi military stt. In Fij'. 165 the apparatus is 
sci-n packed for transport, Fig. 166 shows the station 
really for use, and Fig. 167 the station in use. It will 
be seen that the complete installation, including mast, 
engine and dynamo, is carried on four saddles. The 
connections between the dynamo and transformer are 
made by means of a flexible cable and plugs, and the 
earth connection by means of the strip of wire-netting 
spread out on the ground, as shown in Fig. 167. The 
time required for the erection of one of these stations 
is very small, about twenty minutes being suflicient. 

Makco.ni I Kilowatt Transmitter 
Fig. 16H shtAvs the circuits of the kw. transmitter. 

The machine, it will be seen, is a motor generator 
(direct current to alternating 
current ). Tlie direct-cun'cnt 
motor normally derit’ing its 
current from a battery of 
thirty secondary cells. The 
alternator, w'hich is a twelvc- 
jtole machine, having a rotating 
field, gives an outjiut of 250 
watts at 110 volts. The arma- 
ture makes 3,0(M) revolutions 
per minute, the alternating- 
current frequency is therefore 
300 cycles per second. Fig. 

169 shows the coiinection of 
the combined starting switch 
and field regulator, it will be seen that the resistance 



Fig. 169. 

Combmod slarter and 
iicld regulator. 

K. Sl.utini; 

N'o-vo!t rfliMvc. 

XoriiMl p«»-ition of 
haiuIU'. 
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in series with the armature winding is cut cmt in 
one step, and that if the handle is moved further 
to the right resistance will be inserted in the 
held and the speed of the armature increased. 
Normally the machine will run at the r^uired speed 
without the insertion of any of* the held resistance, 
but as the voltage of the battery falls, it may be 
necessary to add a little. Fig. 170 shows how the- 

handle of the starting 
switch is maintained in 
contact with any desired 
stud. The low'-tcnsion, 
low-frequency circuit con- 
sists of the pfimary wind- 
ing of. the alternating- 
current transformer, con- 
nected in scries with the 
Morse key and to the 
alternating-current ter- 
minals of the machine. It will be noticed that there 
is no reactance regulator in the circuit* this piece of 
apparatus being unnecessary as, when tlie machine is 
running at its normal speed, the alternating-current cir- 
cuits arc in resonance with the machine. The trans- 
former, which is of the closed core tyi>e, steps up the 
■alternating-current voltage to 5,700 volts. The high- 
tension, low-frequency circuit consists of the secondary 
winding of the alternating-current transformer, con- 
nected through the air-core chokes to the main condenser. 
The closed oscillatory circuit consists of the primary 
coil of the oscillation transformer connected in series 
with a rotary .spark-gap and the condenser. The 
pfimary of the oscillation transformer is a flat spiral 



Fia. 170 , 

Showing mcchanwni of no volt 
release. 
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of copper tape, connection to it being made by means 
of cliiw. By altering the position of these dips the 
amount of inductance and, therefore, the wave-length 
of the circuit, can be altered. The condenser is of the 
tubular type, the plates being electrqlytically deposited 
copper and the dielectric gla», six tubes are connected 
in parallel. The rotary gap is of the synchronous 
type, and is carried in the usual way on the shaft of 
the alternator. The open oscillatory circuit consists 
of a number of flat spiral inductances — ^whiefi can be 
connected in series with each other by means of clips 
and flexible connecting leads — an earth arrester spark- 
gap, and tuning lamp and choke, all connected in 
scries and to aerial and earth. The wave-length of 
the circuit is varied by including a greater or less 
number of the flat spiral inductances. A wave-length 
less than the natural wave-length of the aerial may be 
obtained by connecting in series with the aerial a 
condfcnscr. The primary of the oscillation transformer 
is hinged, and the coupling can be varied by dtering 
tlie angle between it and the flat spirals forming the 
inductance of the aerial circuit. On some ^ kw. sets, 
an auto-transformer is used, the inductance in this 
case consisting of a cylindrical coil of copper tube, 
part of the coil being common to the open and closed 
circuits. The battery of condensers in this case is 
stood within the coil, the ^object being to economise 
space. If the 1- kw. set is used as an emergency trans- 
mitter only, the apparatus with the exception ceUs, 
the charging switchboard, Morse key and the starting 
gear is mounted in a cabinet, the motor generator 
occupying the lower part and the oscillatory circuits 
the upper part. In cases where the set is the only 
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transmitter, a crystal rc('«n\-cr is provided, and tlie 
cabinet enlarged to receive it. The cabin<‘t in this 
case is of the desk pattern, the upper portion of the 
front being hinged and when let down forming a 
writing table on which the Morse key is mounted. The 
receiving and starting and controlling gear are 
conveniently arranged in the upper part. 

TELliFUNKEX S.MAI.L-POWEK SlllP'S I XSTALI..A1TON 

Fig. 171 shows a sinall-ptnver .ship station capablt> 
of working over a distance of 100 miles <»r so. It 
will be st;en that the whole of the apparatus is mounted 
in a Cabinet and occupies very little space. The 
primary cinuiit is made up of the M(»rse key, variable 
resistance, and the primary of the induction coil 
j(»ined in series across the supply mains. Across 
the secondary (tf the in<liu tion coil is the multiple 
spark-gap, consisting of si.\ gaps between copper plates 
held apart by mi('a rings, and across this sjuirk-gap is 
the primary oscillation circuit compo.sed of Leyden 
jars and a portion of the Hat spiral inductance. Tlu* 
aerial, with a variable inductance working on the 
variometer plan in series with it, is connected to one 
point of the primary inductance and the earth wire 
to another. , As explained in the preceding chapter, 
the oscillations in the primary circuit arc rapidly 
damped, and owing to the cooling of the gap there is 
no reflux back from the aerial circuit to the primary. 
Only tme wave therefore exists, as after the primary 
has transferred its energy to the aerial the coupling 
between them is broken and the secondary or aerial 
circuit i.s left free to oscillate in its own natural period. 
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The efficiency is rc;markably hifjli, being about 50 per 
rent., and tlie damping of the oscillations emitted is 



Eio. 171. 

Tolcfiiokfn small' power's sliip installation. 


very low. The receiver consists of a two-circuit in- 
ductively coupled tuner with thermo-electric detector. 


216 


WIRELKSS TELEGRAPH^ 


The primary circuit is tuned by^mcans of the variable 
capacity and by varying the inductance, the coil being 
variable in three steps. The secondary circuit cun- 
^ins the detector and owing to its resistance tuning 
is of little advantage. 

Simplified Telefunken Receiver 

This receiver has been designed to meet the demand 
for a receiving apparatus which would combine clieap- 
ness and simplicity in use with absolute reliability, 
even when ii-ved by persons who have received no special 

The ciuuhtions which sat h an apparatus must lulftl 
in onlor to meet tlie t. ihnii ul and ^mwtkal require- 
ments an; as folltm> - • 

(1} T!u' apparatus mu-t he light in of com* 

p.a( t (leMgn, simjile to operate, and |;licap, bi^h in 
original cost and in upkeep. , 

(2) The apjwratu.s mu>t have a wavo>rangiS irluch 
covers the wave-length.>i UM.d by llghtslups COast 
signal stations (>hort wave.s, afniut 300 ttietr<!$), the 
■'wave-lengths used on ship .stations of flic mercantile 
marine (medium waves, a!)t»ut 60(» metres) and. finalJ.v. 
the wave-h'ngth usfd by high-pow«;r stations, SUCh as 
Norddcich (long wave, ubnit m» tres). 

(dj It mtist be po.'.-ible ii> adjust the receiver to tliv 
above-mention, <1 ovne.s even whm it is ns,-,) in ion- 
necfion with the smallest tu;rials found in piactict— 
e.g., on fishing ves.sels- and this adjustment must be 
carried out with a minimum loss of time and the 
smallest number of fijierations possible. 

(4) A testing device must be 
which it is ptissible for even 
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to assure himself at any moment that the receiver is 
in good working order. 



1. n.C. witrh. 

2. D.C. fuse, 

V.iriaW«> ri'ftiit.iiir *. 

4. Morsfkt'y. 

5. iuductM)^ C9il4 


9. Aerial lead insulators. 
tU. Aerial tuuinR coils. 

11. Aniinetro. * 

12. IVtoetor. 

13 and 14. Primary and secondary •'( 



MuUiuU* swilrU. 

Variable coudena'r. 


ilaco all parts subject 
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'Y\\v wcvAN’v'V . Vn yv V. \v,\> \>vv\\ 

to moot tills dfinand, aiul lullils all ilu- alwi-imii 
turned requirements. In its eleetiical qualities- i.e . 
sensitiveness, adjustahility. damping- it is all that an 
apparatus, intended mainly for prai tii'al use in thi' 
hands of untrained operators, can he required to be. 

The aural rfcceiver K is suitable, tirstly for fishing 
ve.s.sels, small ctiasting stcanuT.s, yachts, motor and 
sailing vessels on which it is not considered W^th while 
going to tlie e.\pen.se of installing and operating a 
comp/ete tran-smitting and receiving station. In such 
cases it provides a complete substitute for an expensive 
chronometer for ascertaining the position of the ship 
artii also providis the pos.sibility of ri'ceiving Wratlu r 
reports and warning of approaching 'Storms, thus 
greatly increasing the safety of navigation. 

This apparatus is also adajUed for* use in signal and 
pilot stations and meteontlogieal and seientilii’ institu- 
tions whore a reliable sVMeni of time control for the 
regulation of clocks is of importam e. 

On board balloons and small airsliijis flu* receiver 
would probably be found of as much imporlance as at 
sea for the jiurpose of ascertaining position and oi 
receiving weatlier reports. 
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(3) Chiin><inf( switch (u) witli positions marked in 
three mlours corresponding to (2). 

(4) Dutcctor (i) witli cartridge. 

(4rt) Spare cartridge for the detector (i,). 



l-'ie.. 173. 


(3) Two telephone plug sockets (t). 

(6) Rotating knob (p) for the testing device. 

(7) Two terminals (n and m) for “aerial*’ and 
“earth.” 

Inside the wooden case arc the various parts neccs- 
^fbr adjusting the wave-length and for tuning, 
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such" as variometer, condensers, buzzer, coils and dry 
wires and the connecting wires. 

By moving the changing switch (u) and the pointer 
(z) to tht? , positions marked by the three colours 
(“ short,” “ medium ” and ” long ” waves) the oscilla- 
tory circuit of the receiver, consisting of the rotating 
variometer and constant condenser inside the wooden 
case is tuned to the corresponding wave-length. A 
part of the energy collected in this oscillating circuit, 
which is connected with the antenna^ is transferred to 
the detector (i) by picans of an aperiodic circuit tapped 
of the variometer. The detector converts the oscilla- 
tions into an uni-directional current and they become 
alible as signals in the telephone, which forms part 
of the detector circuit. 

It is advisable that the receiver and aerial should 
be erected by trained erectors as th# aerial leads have 
to be arranged for each individual vessel to meet 
the special conditions of the case. The capacity of 
the antennae is dependent on the number, height and 
distance apart of the masts. The work of tuning up 
the apparatus to certain fixed wave-lengths, which are 
frequently u.sed — c.g., 300, 600 and 2,000 metres — 
should be carried out by skilled erectors at the time 
of the erection, and the exact positions for these wave- 
lengths marked on the coloured plates below the scale 
of degrees. 

The exact position of these marks will depend on the 
capacity of the aerial. When using the apparatus, if 
the wave-length of the signals to be^received is known, 
the pointer is set to the position corresponding to the 
wave-length required. It shoul4, however, be noted 
that' the external influences, weather, etc., frequently 
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render it necessary to adjust the pointer a few di^rees 
above or below the normal position in order to attain 
the maximum intensity of the signals in the telephone, 
In order to test the correct adjustmenJt<,of the ap- 



Fig. 174. 

Simplified Tclcfun|fcn receiver. 

paratus, and to ensure that antennae, connections, 
detector and telephone are in good order before begin- 
aing to receive s%nals, the knob (p) of the testing 
device, which is on the left-hand side of the plate, 
ihoold be turned momentarily in the direction pf the 
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arrow* If the apparatus is in order, a buzzitif; sound 
will then be hoard in the telephone. If this sound is 
not heard, or if it is very weak, the knob (r) of (he 
detector (ihshould be carefully turned until the buzzing 
is heard properly. As a rule nothing further is required 
to render the receiver ready for working. . 

Should the detector become injured by .s('vere 
atmospheric discharges, the spare detector rartridgi', 
which is supplied with every apparatus, sliouUl be 
inserted in place of the damaged one. This is a wry 
simple matter, and is effected with v'ery few operations. 


Teleii’.nkI'N Airship .Si'.vtion 

In designing radio-telcgrapliic apparatus for airships 
and aeroplanes due consideration lias to be given to 
the extremely limited space available on such craft, 
and the main points aimed at arc small weight and 
dimensions. 

In addition to tlu; airship station which is described 
below in detail the Tclefunken Company also build 
stations for aeroplanes. The total w'eight of these 
stations has been reduced to about 55 lb. ICxperi- 
ments are now being carried on with these apparatus, 
and will enable a definite design to be decidtid upon 
very shortly. The apparatus of which the airship 
station consists are mounted in a wooden cabinet, 
which is divided by means of a vertical partition into 
an open front section and a closed back section. 

In the front open half arc all the separate parts of 
the transmitter and receiver which htive to be operated 
or adjusted by hand, while the back closed half of the 
cabinet contains all those parts of the transmitter 
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Fig, 175 . 

Tclcfunkcn airsliip installation. 
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whicK tieed no attention, such as the self induction 
and capacity. 

A small Monch is mounted on four porcelain insulators 
on the top <4 the cabinet. On this winch a phosplior- 
bron» aerial wire about 200 metres is wouitd. 
The pnmk, pawl, b^e, counter druump^ the 
are himily i^ulat^. Outsi^' t^e 
rkhit-haiid ^de are the terinih)^ 
fmn the spu^ of power iu^ Bghtih|f’1^^.^ 

The exteri^ dimensions of the oahinet''iahe^r^dth 
about 600 crh., depth about d30i cm„ and he^t abput 
760 cm., and the station reqtiires a ^ace of 

about . 1,350 cm. 

“tte bronze we of about 3 mm. diameter wound 
on the winch serves as an aerial and can be wound off 
by means of the insulated hand crank to suit the tirave*^ 
length chosen. The wire passes over insulated pulleys 
over the edge of the car, and hangs down freely. A 
counter shows the number of metres wound-nfi. 

Ain aerial change-over switch, in the cabinet, is 
arranged so that when in the transmitting position it 
interrupts the receiver circuits and when in the receiving 
position interrupts the mdin power circuit so that the 
sensitive receiving apparatus are not likely to be 
damaged by an accidi^ntal pressing of the key while 
receiving. The metal frame of the car,, etc., forms 
the counterpoise. * . 

The source of power is an altemating-curreift 
generator with direct coupled exciting machines. The 
output of the generator at about 3,(^ revolutions per 
minute is about 500 wattS; and th* frequency is 500 
per second. The generator is driven from the motor of 
the airship either by means of a belt or chain or by 
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Fig. 176. 
elunken airship 
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^«aiu intermediate gearing with a throw-out 

; A violtmet^ and a pressure speed regulator and tho 
fuses are mounted in the cabinet. 

The transmitter consists <d the foUowih^^.', brans* 
former, quenched sparlc<gap. exdbition nnd 

self-induction, aerial lengthening coil, anun^nr,' Horse 
key and a changing dedce for three d^erent' wave- 
lengths. The capacity seU-induction and lengtibening 
coil are in the back closed half of the cabinet, the other 
parts are convdiiently arrang«l in the frot|t half of 
the cabinet so as to be easily accessible. .i« 

The excitation circuit of the transmitter can be 
tuned to- several waves, ranging from J300 metres to 
600 meters. For the different wave-lengths corre- 
sponding aerial coils, fitted with connecting plugs for 
specified wave-lengths, arc connected in the aerial. 
The exact tuning is effected by winding off more or 
less of the antennae wire. The antennae wire is marked 
in different colours corresponding to the connections 
on the excitation and coupling coils. 

If an airship is flying very low down only the short 
wave-lengths can be used. 

The receiver is a complete aural receiver of a special 
type designed for airships. The separate parts of 
the receiver are as follows : variable self-induction 
detector, telephone, blocking condenser, and a blocking 
switch for the detector. Two plug sockets are pro- 
vided for the telephone. All these parts are mounted 
in the cabinet. ' 

Tlie whole of the self-induction which is used for 
increasing the natural wave-length of the aerial is 
also used for direct coupling the detector. The 
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detector coupling turns can be varied by means of 
plugs. The number of turns for lengthening the aerkl 
remains approximately constant for all wave-lengths, 
so that only the detector coupling turns need*^o. f>e 
regulated. ’ * 

The effective range of the station comnwinicating 
with a wheeled military station is about KK) to 20() 
kilometres. ' 

The weight of the complete station is as follows — 

Apparatii'i cahwiol ami wtnoh, ahoiit . . 155 Mis. 

Alternator .unl e.xeitintj dynamo, about . . 120 ,, 

* -HIr — 

Total Nvr!j»bt, about *275 lbs. 

Lkpki. Poktaiu.k Station' 

Fig. 177 .shows a I.epel military set arranged for 
waggon transport. The ilat spinil coil to the left of the 
photograph is the primary imluctance which is varied 
by turning the handle. The <[uenche.d spark-gap is 
immediately in front of it. On the table to the' left 
of the spark-gap is the small mica condenser which 
forms the primary capacity, and to the left of this are 
the two choke coils. The secondary coil is a flat 
spiral mounted e)n a leaf hinged at the bottom and the 
coupling is varied by means of the straj) seen above 
the primary coil. The tuner is of the three-circuit 
type and is seen to the right of the photograph together 
with the variable condenser, detector and blocking 
switch. The ma.4t used m conjunction with this std 
is of the telescopic variety, made of steel tube and has 
a height of about 90 ft. when fully extended. 
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MEASUREMENTS 


t apjitify — Dielectric Losses in Condensers— Capacity of 
Aerial Iitsiilation Resistance of Aerial — H.F. Resistance 

- 11.1'. Currents- -Wave Meters —Measurement of VVave- 
Loiigth—Hesonaace Curves and Damping Decrements — 
The M|ircuni Deeremeter -Ixigarithmic Chart — Inductance 

- (.'ocfficient of Coupling -Calibration of Receiving Circuits 

- - Earth Plate Resistance- Strength of Received Signals — 
linergy in Aerial 

Tmc capacity of a condenser varies directly as the area 
of the opposing surfaces and inversely as the thickness 
of the dielectric or distance between the plates. The 
nature of the dielectric also has considerable iitfluencc 
in determining the capacity of a condenser. Supposing, 
for instance, that two plates, each having an area of 
1,000 square centimetres and the distance between 
the plates being • 1 of a centimetre, its capacity K can 

be calculated from the formula ♦ K k (where 

4 w r 

5 is the area of one of the plates in square centi- 
metres, It'--- 3-1416, t — thickness of dielectric and k = 
the dielectric constant which in the case of air is taken 
to be unity), and will be found to be 795 centimetres. 

* The formula for capacity given above is based on the 
assumption that the lines of force between the plates are 
straight lines; it must only therefore be used when the thick- 
ness of dielectric is very small compared with the surface of 
the plates. 
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If now the space between the plates be filled wii h mica, 
the capacity will be greatly increased and in fact will 
be about five times as great as when the dielectric 
was air. This is due to the fitet that various materials 
allow electro-static induction to take place acro.ss them 
in y^yi^ degree. Thus mica permit? it to ^ke place 
about five times ^ well , as air. 

The ratio that exists between the capacity' M two 
condensers of equal size, one having air for a dielectric 
and the other some other material, is termed the 
dielectric constant for that material Md is denoted 
by the letter k. At the end of this'chapt^ will be 
found a table of dielectric; constants of the more usual 
materials used in condenser making, but it should be 
noted that different , specimens of the same material 
often exhibit marked differences in the value of their 
dielectric cemstants, and that therefore the formula 
given above should only be used to calculate the value 
of an air condenser. If, however, we pos.scss a standard 
condenser it is a simple matter to ascertain the value 
of an unknown capacity. Referring to Fig. 178, K 
is the known capacity ; Kj is the capacity to be 
measured. R and Ri are variable resistances,* which 

• These resi.stances, as is perhaps well known to our readers, 
are built up of a wire doubled back on itself to form a non- 
inductive winding. In the case of the higher resistances it is 
necessary to use a considerable length of wire, which results 
in the coil having considerable capacity, and when used wdth a 
quickly pulsating current the coil would behave exactly as a 
condenser; to obviate this, the coif should be built up of 
a large number of smaller non-inductive resistances joined in 
series. When this is done it will be seen that the capacity is 
reduced to <1 minimum, as we are in effect joining a number 
of capacities in series. 
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must, howevci', be non-inductive and of small capacity, 
and T is a ti-lephone receiver. To the points A and B 
an intermittent voltage is applied, which may conveni- 
ently be done by joining in series a dry cell and quick- 
running interrupter and connecting them across the 
points. 

On ruijttsting the resistance a point will be foui^ 
at which the sound in the telephone wiU <k 

^ least l>eta minimum. When this point is found a 



certain ratio exists between the condensers and the 
resistances such that K :.Ki : : : R — ^that is to say, 
as K is to Ki, so is Rj to R, iind the value of the resis- 
tances in ohms being known and also the value of the 
standard condenser it is a quite easy matter to find 
the value of the unknown capacity. This method is 
known as the Dc Sauty buidge method, and is suitable 
for the measurement of capacities from a few hundred 
centimetres upwards provided that the capacity to be 
measured and the standard condenser do not differ 
by more than a small multiple. When the unknown 
capacity has a dielectric of different 'material to the 



232 


WIRELESS tELEGRAPlIY 


standard it will sometimes be found impossible to 
obtain a complete cessation of sound in the phone 
ovring to unequal absorption of the dielectrics, but in 



such cases the method can be de.pended upon to give 
results accurate to within a few per cent. Fig. 179 
shows a convenient and practical form of the apparatus 
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clpvised by the writer ; in the box are three standard 
condensers whose values are 60,000, 10,000 and 1,666 
centimetres respectively. The jb^x also contains a 
quick-running buzzer which supplies the intermittent 
voltage necessary. The resistance is a standard 
resistance box reading to 1,100 ohms in steps of 1 : 
the condenser to be measured is 'inserted in the clips 



Fio. 180. 

\ 

Coniiectiuns of Dc Saiity bridge shown 
in Fig. 179. 

)n top of the box. Fig. 180 is a diagram of the con- 
icctions. Another method suitable for tlie measure- 
nent of a small condenser is to join it in scries with 
.n inductance of known value and by means of a 
mall Rhumkorff coil to causc.the circuit so formed to 
iscillate, then by means of the wave meter the wave- 
ength is ascertained and the vahu' of the capacity in 
iiicrofarads found from t-hc formula — A — -59‘6 VCL, 
/here A — wave-lengths in metres, C ~ capacity in 
aicrofarads and L -- inductance in centimetres. 
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Subsfyuit^t 

Sulphur . 



« W 

A. 

. 2-24 

Ebonite. 


« 


.2-0 

India-rubber * 


i 


. 212 

Gutta-percha « 



t 

. 2*46 

Paraffin 




. 1*98 

Shellac . 




. 2*95^ 

Mica , . 




. 6-0 

Castor oil • » 


\ 


. 4*78 

Turpentine 




. 2IS 

Petroleum 


IS 


. 207 

Glass (aooordiug to fpiality) 



. 6*6 to 9*8 


A convenient st<andard inductanpe can be made 
by winding 8 turns of double silk-covered wire gauge 
number 18 on a cylindrical former 20 centimetres in 
diameter : this will have an inductanc# of 25,000 
centimetres. 

« 

Dielectkic Losses in Condensers 

We have already seen that the losses in an oscillating 
circuit are caused, first, by the resistance of the con- 
ductor forming the inductance and in the case of a 
circuit used to generate electrical oscillations by the 
resistance of the spark. The condenser unless it have 
air as dielectric will also dissipate energy, and it is 
therefore necessary to be able to measure this energy 
loss caused by the dielectric and thus judge of its 
suitability for the purpose. If we are in possession 
of a variable air condenser the capacity of which is 
great enough to cover the capacity of the condenser 
whose energy-absorbing powers we wish to ascertain, 
the -matter is comparatively • simple and should be 
carried out as follows — 

The condenser under test is joined up with an induc- 
tance so as to form an oscillating circuit. Included in 
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the circuit ia a calibrated hot Drtre nollliamperevindterr 
A ^ second ^uit* consisting of capacity, in4'<^ctahce 
(cither or both of which are variable) and a spai^k-gapi 
and excitect by means of an induction coil, is thcii ^ 
up and loosely coujded to it. The exciting circuit 
is then tuned by varying its capacity or inductance 
until the small hot wire ammeter in the first circuit 
gives its maximum reading. This will indicate that the 
two circuits are in resonance. TIjc current in the 
circuit as shown by the meter is then noted. The 
coupling between the circuits should be kept constant 
and the variable air condenser substituted for the 
condenser , under test and its capacity varied till the 
meter again gives its maximum reading and indicates 
the attainment of resonance. Now obtain a variable 
non-inductive resistance and join it in circuit with the 
condenser and inductance a,nd vary its resistance until 
the meter shows the same reading as it did when the 
condenser to be tested was in circuit. It will be quite 
evident to the reader that the energy absorbed by the 
dielectric of the condenser under test is equal to the 
energy-absorption of the resistance which we have 
included in circuit with the air condenser which has 
been substituted for it, and can be found by the 
aid of the formula where C® is the mean square 
value of the current and R is the equivalent resis- 
tance. Fig. 181 shows a convenient method of con- 
necting up the circuit to make the test. A is a switch 
which in one position connects in circuit the condenser 
to be tested and in the second position the variable 
air condenser and non-inductive rcsistjince. 

The chief difficulty in carrying out this test arises 
from the fact that the spark in the exciting circuit is 
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sometimes clilUcult to maintain eonstanl. ( are must 
also be taken to prev'cnt any bnisliing from ilu* ed^es 
of the air condenser plati's, as if tliis takes place the 
energy absor{)tif)n may be considerable. .V usidul 
comparative test in certain circumstances can be madi; 
in the following way : ('onnoct the condenser under 
test in circuit, instead of the usual condenser on the 
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Fig, 18J. 

A~ Switch. yon-inthu live ro- 

sisi;nic<\ C - Variable i»ir condonscr. 

Ds:^ (>jmU*nstT to be tested. K-~ Hot 
wire meter. 

receiver, bring the circuit t(j resonance with a station 
sending out signals and. measure the strength of the 
incoming oscillations, as jHir instructions given in a 
later part ot this chapter. Now insert a variable air 
condenser in its place and measure strength of incoming 
oscillations ; we can now form an idea as to the energy- 
absorbing power of the dielectric by its effect in reducing 
the strength of the signals. 



MKASURKMENTS 


237 


(.'.APAClTy 01-- Arkial 


ICxccpl ill Vi ry sinijilc cases, such as that of a single 
vertical wire, it is not possible to calculate with any 
ace.urai y the capacity of an aerial. The capacity 
of a single v- rtical wire can be calculated from the 

formula C ■- when C • - Cap. in centimetres, 

T 

I = length of wire also in cm., d — its diameter : as 
an e.xample suppose the antennae to consist of a single 
vertical wire of length 50 metres and diameter 
3 millimetres, C will equal 5,000 and d wall equal '3, 


5000 
10000 
^ e -3 


^ om 
2(>8 


The addition of wires in parallel will not, however, 
increase the capacity in direct projiortion to the number 
of wires, owing to the fact that the wires e.\erci.';e a 
screening effect on um; anotliev which renders the 
distribution of the linos of force unsynimetrical for 
each wire. The cafiacity may be .said to increase 
roughly as the square root of the number of wires in 
parallel- -thus four wires would give double the capa- 
city of one wire, nine wires three times the capacity, 
and so on. Assuming the po.ssession of a wave meter 
and a variable condenser the capacity of which is 
known it is quite a simple matter to measure the 
capacity of the aerial : the procedure is as follows : 
first add a coil of wire of a few turns to the aerial 
and e.xcite by means of a small spark coil ; then by 
means of the xvavc meter measure the. wave-length ; 
having done this sot the wave meter to double the 
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wave-length and then by iheans of the s\\'itch (Fig. 
182) join the variable condenser across the agrial coil, 
adjust till it is in resonance With the wave meter, the 
capacity of the aerial will then be* equal to one-third 
of the added capacitj'. As an example, supposing 
that the wave-length of the aerial with the qpii in 
series was 100 metres and that the. amount of capacity 
necessary to bring the wave-length up to 200 metres 
was 600 cm;, the capacity of the- aesri^ would be 

♦ 

Insulation Resistance of 
Aerial 

It is of the utmost importance 
that the aerial should possess a high- 
insulation resistance, the measure- 
ment of which is made as follows : 
disconnect the aerial from the circuit 
and connect it to one terminal of a 
very sensitive galvanometer which 
has previously been calibrated ; the 
.second terminal of the galvanometer 
is connected to one pole of a direct-current djmamo 
or battery of cells giving a voltage of from 200 to 500 
volts ; the other pole of the dynamo is connected to 
the earth plate. Observe the current indicated by the 
galvanometer and the insulation resistance of the aerial 
can then by the aid of Ohm’s law be found. Thus, 
supposing the voltage of the dynamo to be 500 volts 
and the current indicated by the galvanometer 2 micro- 
amperes, the insulation resistance will be found to be 
250 megohms or 250,000,000 ohms. The insulation 
resistance will be found to vary greatly with the 


200 cm. 




O 

o 

o 


Fig. 182. 
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atmospheric <-onditions ^evailing, thus it is much 
higher i» fine, dry weather than -when the atmosphere 
is saturated with moisture. 

It should be noted that although the aerial may 
have a very high insulation resistance it is not ncces- 
sat^y. well insulated for oscillatory currents, or for the 
very high potentials used in Radio>Telegraphy. To 
secure perfect insulation we must arrange that the 
aerial doesrin^ot run close to any earthed metal-work, 
and;^more especially that it 
does not rtui parallel to 
it. If this is not done, 
oscillations will be set up in 
the earthed metal-work by 
induction froim the aerial 
and energy absorbed as 
effectually as if they wore in 

actual metallic contact. It t J 

is for thfs reason that the 500 volts 
guys Supporting the mast of 
a Radio-Telegraph station 
are cut up into short lengths 
by means of insulators. ' Fro. 183. 

High-Frequencv Resistance 

By Ohm’s law the resistance of a conductor will vary 
as its length and inversely as its cross-sectional area, 
but this only applies to conductors carrying steady 
currents. The high-frequency resistance of a con- 
ductor is often very different from its resistance to 
steady or slowly alternating currents. The difference 
in the resistance will depend on the frequency of the 
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alternations of current and upon the size or enjss- 
section of the wire. A wire of large gauge will have 
a resistance many times higher for high-frequency 
currents than for a direct current ; this is due to the 
concentration of the current on the outer skin and 
therefore to the reduction of the effective cross-section 
of the wire. If the wire were of a small gauge, say 
No. 38, the difference in value of the resistance for 
high and low frequencies would be very small, practi- 
cally nil. For this reason many of the coils used in 
Radio-Telegraphy are made from laminated conduc- 
tors — that is to say, a conductor built up of several 
hundred very small insulated wires. For the samt' 
reason they sometimes are made from tubes instead 
of solid wires. There is no convenient way for the 
operator to measure directly the high-frequency 
resistance, but if the coils are constructed as above, 
they can be measured in the ordinary way on the 
Wheatstone bridge; and the high-frequency value will 
differ only very slightly from the value so obtained. 

High-Frequency Currents, Measurement of 

For the measurement <if high-frequency currents 
the ordinaty^ hot wire ammeter is of no use, for the 
reason that it is constructed on the shunt principle — 
that is to say, the greater portion of the current to be 
measured is diverted through the shunt, which is a 
stout copper wire or stri{), and only a small known 
fraction passes through the wire of the meter. As 
explained in the chapter on high-frequency resis- 
tance, a thick wire has a much higher resistance 
to high-frequency currents than to steady or low- 
frequency currents, and therefore as the shunt consists 
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of a stout wire its resistance would vary with the 
frequency (if the current to be measured and it would 
thus be impossible to use such an instruments A piece 
of ' apparatus known as a Reiss thermornet^ fe, how- . • 
ever, a suitable device with which to measure a high- 
frequency current. It consists of a hti|ich Of ftine 
wires connected between ttuvninaJh 
glass bulb ; in, connection with the Ini& « ^ 
stem containing a liquid " - 

culound to make it easily 
visible. If now a direct 
current be passed through 
the bunch of fmc wires they 
will be heated and in turn 
heat the air in the bulb, 
which will expand and drive 
the liquid up the tube. By 
passing v'arious currents 
through the wires and noting 
the height to which the 
liquid rises in the tube for 
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Keiss thermometer. 


cacU current the instrument 
can be calibrated in am- 
peres. The heater, being 
formed of a number of fine wires in parallel, will have 
the same resistance to high and low-frcqucncy currents 
and is therefore suitable for the measurement of a 
high-frequency current. * 

Fig. 184 shows a Reiss thermometer. If such an 
instrument is not available the high-frequency current 
can be roughly measured by inserting in the circuit a 
piece of fine wire and noting how many strands in 
parallel the current will melt. Having ascertained the 
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number; take the sainc number .and pass throiigh them 
a direct current, increasing it till they melt and noting 
iOn the ampere meter, which should be joini d in the 
circuit with them, the current at which tliey melt. 
This current will be equal to the high-freqiien< y current 
the value of whicli it is desired to know. 

Wave Meters" 

This importaht piece of apparatus consists essen- 
tially of an inductance and a capacity, either or both 
of which are variable, the frequen^^ or wave-lengths 
correspohdii^ thereto for the ym^ous positions of the 
pom^ . cohd^^ inductance 

predetermu^'hnd edtiherj^btj^as a .pnrve or arranged 
in table fornu ^ H is usual tor 

have a fixed indii^a^m p«]^p6 one vairui^le in two* 
or three steps an^ % ca^paicity is 

^tmuo^ variable betw^ limifs detained ,by 
its dimenaons and the nature of its didectric. ‘Means 
must also be pipyided to make evident the attainment 
of resonance. The Marconi Company manufactures a 
very .conveoient a^ portable form of wave meter 
(Fig. 185). ,,It coii^ts of a coil of wire wound on a 
rectangular wooden frame and mounted in the M oi 
the carrying case, the ends oi the coil are connected 
to the terminals of a variable condenser, and across 
the same terminals are shunted a telephone receiver 
and carborundum crystal ; the. connections are shown 
diagrammatically in Fig. 186, where A is the coil, B 
the condenser, C the carborundum crystal and T the 
telephone. To measure the wave-length of any given 
. tfansmitter the key is closed and the phones of the 
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wave meter being placed on the head of the observer 
the condenser is adjusted until the sound is at a maxi- ' 
mum : the wave-length is then read from the table in^ 
the lid of the box, which gives the wave-lengths corre- 
sponding to every degree of the condenser scale. Such 
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Marconi wave meter. 


an instrument as the above,’ although very convenient 
for the detennination of wave-lengths, cannot be 
used for the measurement of the damping of the 
oscillations, as it is not.possible for the ear to estimate 
the relative value of different currents- which is neces- 
sary to the finding of the decrement of the oscillations. 
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. A different pattern- of wave meter must therefore be 
used. Tig. 187 shows an instrument suitable for the 
plotting of ros«)nanc^ curves and 
for the measurement of decre- 
ments. It consists of the usual 
coil and variable capacity, but 
in place of telephone and 
carborundum crystal is a small 
hot wire meter. This meter, 
however, is ndt put .across the 
condenser, but in series with it 
and the coil (Fig. 188). The 
scale is calibrated by means of a 
direct current and therefore 
shows the R.M.S. value of the oscillations ; by squaring 
the readings on the scale, the mean square value can be 
obtained. Provision is also made for the insertion of a 
small resistance by means of which the damping of 
the wave meter itself can be eliminated, but as this is 
small it can as a rule be neglected. 

The frequency of the oscillations can be found from 


|!5?W 



Fig. 186 . 

Connections of Marconi 
wave meter. 


the formula n , when n equals the frequency 

C the capacity in microfarads and L the inductance 
in centimetres. The appended curves show frequency 
and oscillation constant for wave-lengths up to 2,000 
metres. 


Resonance Curves and Damping Decrements 

To plot a resonance curve the wave meter should be 
set up in proximity to the transmitter and the con- 
denser adjusted till resonance is obtained, which will 
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be indicated by the hot ware meter giving its maximam 
reading. The coil of the wave meter must be placed 



Fig. 187. 
Wave meter. 


in such a position that the reading on the meter comes 
just within the scale, say three parts over. The 
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resonance wave-length and tlu' mean squar- vsUne of 
the current at resonance are noted ; the me: ii squares 
of the currents for several wave-lengths differing 
not more than 5 or 6 per cent, from the resonance 
wave-length are tlien ascertained. Thus, appr»sing 
the- latter to be 50t) metres it would he ne. es.sary to 
set the wave meter at the follot^g wav. -IcngtJw ; 
475, 480, 485, 490 on one side an4 505, 510. 515 and 


mm 

Hot W»B 
Meter 

Fic. 188. 


520 on the other side of . it, and 
to find Uictncan square value 
of the curr^ts, cor^ponding 
to them. C^hig th^tFesoiuMce 
wive-length 1 Tliean 

s(|uare value o| ;^ 
at resonance ^ hlto 

wave-length and cnireilts arc 
reckoned as ptaceqtil^ and 
plotted as a cui^ iathich will 
assume the fdnh shown in 


Fig. 102. From a curve so ptotted Jf is possible 
to tell at a glance whether the oscillations given ont by 
the transmitter under test arc badly damped or only 
feebly damped. If they arc badly damped, the curve 
will not' be very steep — that is to say. as the resonance 
point is receded from, the falling off of the current will 
not be very marked ; but if the damping is small the 
curve.^will be very steep and any deviation from the 
resonance point -will. be Accompanied by a big drop 
in current. The damping decrement can be found by 


the aid of the formula St + 3, — nx 


J 


JLi ; 5, is the 
1 -y • 


sjmibol for the decrement of the oscillations, for 
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Fig. 190. 

Wave-length in mctrcfs. 
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that part of it due to the wave meter itself, »*= 
3*1416, X the difference between uniiy and any value 
of the ratio between the <r^nanCe wave-length 



Wave-length in meters. 


and any other and is read directly from the curve, 
and y is the ratio between the mean square value of 
resonance current an<f any other current. This value is 


Osc; :onstan 



•9^* »-97 *98 *99 . I 1*01 ^ 1*02 ,1-03 ' 1-04 

' Pig. 192, 

Resonance curve. 

is no^ symmetrical, the valtic of y should be the mean 
of re^din^s taken from ,each side of the curve. The 
values^t)f;^andofy.so taken are to be averaged and the 
average value is the one to bemused m the forihula, 
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has a double hunq^ due to the inte^ctiOn of the primary 
aiid seconda^ citcuits which produces oscillations 
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than the longer one/ on which accouat the longer one 
is always used for the reception jof ^igns^. 



Fio. 195. 

Oscillations per train. 


V 


a 


i> 


ler and simpler method of ascertaining the 
:he decrements is to set up the wave nvetfff as 
^sc^bed to observe the wave*length and m%an 
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i 'Maafe value of the current at re^nahce, .ai)4. fl^exi toF;: 
.hwarve the wave-length ^t which tiw mean tj|ttar^ 

■ value of the;|urrcn^ is r^uced to half, fjoi^ th^, 

linmula 3 1 -fe d, == jt , where A s* resoiiance wave^ 

Iffligth and Aj = the wave-length at which the mean 
square current is reduced to half, the sum of the 
^creihents can then be found. For example, suppose 
that the resonance wave-length is 600 metres and 
that the mean square current is reduced to one-half ^ 
when the wave meter is set at 594 metres, the sum 
^ the decrcmrats^ll approximately equal ‘063. In 
making the measurement b 3 ^ this method it should be 
noted tltat the value of A] to be used in the formula 
is the mean of readings taken on each ^de of the 
resonance point. 


Curves Shewing Number of Oscillations per , 
-TfeAiN Decrements -001 to *9 

#. . 


When the amplitude of a train of waves has fallen 
t#'01 of th(%initial or maximum amplitude, it has for 
. all practical purposes ceased to exist. If the decre- 
ment of the oscillation is known the number , of 
oscillations per train can be found from the formula 


4605 + 6 
^ ^ where N 


the oscillations per train', 


4-605 =p :fiie Nap. log. of 100 and d = the decrement per 
whole period. If the decrement is reckoned per half 
period, as is usually the case, the result must be divided 
by two. The appended curves will show, at a glance 
the number of oscillatidns per train for decrements 
from -001 to-9. 
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,* '*111^ ptijiiise of this ihs^amtot^ is ^ 

without the necessity _ 

tins somewhat coidj^catod . . 
a comparatively simple op^tkm. 


which is diaiprammatically shows is Fig. 196 coasttts 
of an oscillaUon circuit composed of a fixed inductance 
and variable capacity dso a small inductance which 


[^mJDOpDOOWOO] 



1 

Fio. 196. 


Circuits oi Marconi dccremctcr. ' 

may be added to, or subtracted from the inductance 
by means of a double-pole double-throw switch. The 
indicatii^ arrangement, which consists of a carborun- 
dum crystal and telephone receiver, is tapped across 
the central portion of the fixfed'inductance. , 

If d be the logarithmic decrement and », the fre- 
quency of .the oscillations under test, and if I) be that 
part of the decrement due to the wave meter circuit 
and a'l the mean square current induced in it when 
brought to resonance wth the circuit under test, while 
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tt\ is the square current induced 'in it when its 
frequency is altered to n^, which must differ not more 
than 5 or 6 per cent, from the frequency Hj of the circuit . 

then as is well known d+D==r.iT — V 

\ «, x/at - «:;/ 

If not, the inductance m of the oscillation circuit 
of the wave meter wliich gives the frequency «, 
is altered by the addition or subtraction of a 
small inductance M fo give the frequency so that 

W® / W 

— = . / and the detector which is normally 

y m ± M ^ 

connected across a length / of the inductance of the 

wave meter is, when the small inductance is added or 

subtracted, connected across a new' length L such that 

the same effect is produced in the detector in the two 

cases, so that if the potential drop along the inductance 

is proportional to the length and if the current is 

proportional to the potential 1^= : - = , ^ and 

^ ^ ^ Va^-a^ VL^-1^ 

the equation for the sum of the decrements becomes 

( 1-^ in which the 

capital letters represent constants of the instrument, 
so that only the inductance in and length I arc required 
to determine the decrement d of the circuit under test ; 
also if the small inductance M be made a known 
proportion of the inductance m, which may be done if 
the adjustment of the circuit is effected by the variation 
of the capacity, then the term expressing the ratio of 

the frequencies — becomes a constant, so that only 
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the length / has to be measured to "find the decrement 
of the circuit under test and the instrument becomes 
direct reading and may be calibrated in decrements. 

To ascertain the decrement of any circuit the follow- 
ing procedure should be adopted — 

The decremeter is set up in the vicinity of the 
circuit under test and the condenser adjusted till the 
loudest sound is produced in the telephone, the double- 
pole switch being over to the right, thus making Z 
and I (or Z) the inductance of the oscillation circuit 
according to the position of the switch R and causing 
the length of inductance a, d to be included in the 
detector circuit. The double-pole switch is then 
moved over to the left, the result being to add or sub- 
tract the inductance I to or from the oscillation circuit 
and to alter the position of the inductance in the 
detector circuit to A, b. The switch is now thrown 
backwards and forwards and the position of the contact 
A on the inductance varied until an equally loud sound 
is produced in the telephones with the switch in either 
position ; the variable I in the above equation is thus 
determined and -the decrement can be read directly 
from the scale of the instrument. 

Logarithmic Chart for Calcul.\ting the 

Frequency and Wave-Length of Oscillating 

Circuits ♦ 

• 

In the use of oscillations produced by the discharge 
of a condenser through an inductance, as in wireless 

* Based on an article in The Indian Telegraphist, (By 
pennission,) 

17 --( 5092 ) 



258 


WIRELKSS TELEGRAPHY 


telegraphy, for ejcsimple, the frequency and wave* 
length of the oscillations are usua.Uy calculated from 
. the values of the inductance and capacity. The forinulae 
u^, although simple, become ratlier tedious if many 
calculations arc required. To simplify and shorty 
this calculation the straight-line chart shown herewith 
was designed to give the result at one operation^* 

The formula for representing the frequency of ja 
condenser discharge should really include thtf resistance 
of the oscillating circuit, but since the resistance over 
a considerable range has only a very slight effect on 
the frequency, and in any practical oscillating circuit the 
resistance must be kept low on account of the losses, it 
is usual and quite permissible to neglect the resistance. 

The formula for frequency when the resistance is 
neglected is — 

If the inductance is expressed in centimetres and the 


capacity in microfarads (1) « = ‘ , where n— 

VCL 

the frequency, L the inductance and C the capacity. 

The velocity of propagation of electric waves being 
the same as light — that is, 3 X 10* metros per second — 
<>the relation between frequency and wave-length .is 


3 X 10* 

(2)L ~ - - — , where L — wave-length in metres and 

n 


n the frequency. The chart has been laid out from 
formulae (1) and (2). It consists of three logarithmic 
scales so proportioned and located with respect to each 
other as to give the required rasiilt by a single opera- 
tion. As drawn they give directly the values of wave- 
length from 200 to 2,000 metres, for inductance from 
10 microhenries to 100 microhenries* and capacities 
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from 1,000 to 10,000'centimetres.^ 
If preferred * the middle scale 
could be marked out* so as to 
give*feequency instead of wave- 
length : likewise, if found more 
convenienti the inductance coul^d 
be fexprfessed in centimetres and 
capacity in microfarads. To use 
the chart a straight edge is placed 
so as to cross the selected value 
of the inductance on the upper 
scale and the selected value oi 
capacity on the lower scale. 
The int,ersection of the straight 
edge unth the middle scale then 
shows the wave-length. The 
chart can also be used to deter- 
mine what inductance or capacity 
to use with a given inductance 
or capacity to produce a certain 
wave-length. 

To find the required inductance 
place the straight edge so as to 
connect the value of the capacity 
on the lower scale wth the wave- 
length on the middle scale. 
The inductance is then indicated 
by the point at whidli the 
straight edge crosses the upper 
scale. To find the capacity 


place rule so as to connect — • — « — - 
inductance on upper scale with S £ H 

wave-length orf middle scale : the required capacity 


Fig. 197. 

Inductance in microhenries. B*»\V!ive-length in metres. Capacity ill 
, 1 jar V 1,000 centimetres. 
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is then indicated by the point at which the lower 
scale is crossed by the straight edge. 

Inductance 

The unit of inductance is the henry, equal to 10® 
absolute units, and a coil of wire is said to possess 
unit inductance when the current through it varying 
at the rate of 1 ampere per second induces in it an 
electromotive force of 1 volt. The henry is far 
too large a unit for the inductances employed in 
Radio-Telegraphy, it is therefore customary to use a 
sub-unit, the millihenry or the microhenry, which 
equals one-thousandth and one millionth of a henry 
respectively : the inductance is also frequently ex- 
pressed in absolute units or centimetres. The induc- 
tance of a circuit from which all magnetic material 
is absent depends on its geometric form, but if mag- 
netic material is present, as when the coil is wound on 
an iron core, the inductance is also a function of the 
current. The inductance to some extent varies with 
the frequency of the current alternations, and the low- 
frequency or steady-current value is larger than the 
high-frequency value. The reason of tins is, that as 
the frequency increases the current is no lunger evenly 
distributed over the section of the wire, but tends to 
confine itself to the surface. Anything that upsets 
the equal distribution over the cross-section of the 
wire diminishes the inductance : the variation with 
differing frequencies is very marked in a closely wound 
coil, especially if it has more than one layer. The 
calculation of the inductance of a coil from its dimen- 
sions is very difficult and can seldom be carried out 
with any degree of accuracy. » 
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An easy method of ascertaining the high-frequency 
inductance of a coil is to join it in series with a known 
capacity and spark-gap, to excite the oscillatory circuit 
so formed by means of an induction coil and measure 
the wave-length. Then by the use of the formula 
A = 59*6 s/CL (where A = wave-length in metres, 
C = capacity in microfarads and L = inductance in 
centimetres) the value of the. inductance can be found. 

Coefficient of Coupling 

When two oscillatory circuits are coupled together 
we have seen that oscillations of two frequencies arc 
set up, one having a frequency greater and one less 
than the natural frequency* of the circuits when un- 
coupled. If the coupling is close the difference between 
the frequencies wll be great, but as the coupling is 
made looser they approach, till with very loose coupling 
they merge into one. The coefficient of coupling 
denotes the ratio between the coefficient of the mutual 
inductance of the circuits and the square root of the 
product of the inductances of the two circuits taken 
separately. The closest coupling possible theoretically 
would be 1, but in practice this is never attainable, 
because the inductance in the radiating circuit is not 
concentrated in the coil which forms the secondary 
of the oscillation transformer, but is distributed over 
the whole length of the aerial. 

The coefficient of coupling can be ascertained by 
means of the wave meter ; the procedure is as follows : 
first measure the two wave-lengths which result from 
the coupling of the circuits, then from the formula 
A" - A^ 

^ 11 * where K = coefficient of coupling and A, 
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a simi^ niatW ;t(> 
lsQcar|«^ the coupling coefficient. As an essaii^, 
" suppose the shorter of the wave-lengths was 800 an<t 
the longer 600 metres K would equal '6 ; if the co- 
efficirat of coupling is greater than '5 the eoupjing is 
said to be close, and if bebw *5 it is said to be loose. 
In the example given the coupling is dose because it 
exceeds *5. 

Calibration of Receiving Circuits 

It is a great convenience to the' operator to possess 
a calibration curve for his receiver, for suppose he is 
on the look-out for signals of a given wave-laigth the 
pqsition of resonance for which is unknown to him, 
he must be continually searching round till com- 
munication is established, which in the case of a ship 
may be many hours or even a day or two supposing 
she is delayed by unforeseen circumstances ; whereas 
if he is in possession of the calibration curve he can 
at once adjust his circuits and then stand by. 

Also assuming that the receiver is of the three-circuit 
type, the calibrated intermediate circuit can be used 
as a wave meter to measure the wave-length of his 
own transmitter. To plot such a curve he should 
proceed as follows : if the receiver consists of two 
circuits he should excite one of them by means of a 
small induction coil, the second circuit meanwhile be- 
ing uncoupled, and settiiig the pointer of the variable 
condenser in various positions, say, every 20°, or if it 
is the inductance that is' variable the slider will be 
moved twenty or thirty turns at a time and by means 
of the wave meter the wave-lengths corresponding to 
these positions found, the second circuit is then treated 
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in like manner and the values so found aare plotted/ 
id Fig. 198. The curves will generally be foun^ to be 
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rather steep at the origin and then to flatten off to- 
wards the end. In using the curves it should be noted 
that when the coupling is re-established between the 
circuits it will slightly modify the wave-lengths as 
shown on the curve, but the difference in adjustment 
required to bring the circuits absolutely into tune will 
be very small. 

Measurement of Earth Plate Resistance 
The measurement of earth plate resistance is carried 
out as follows — 

In laying down the earth wires half should be brought 
to one terminal in the cabin and the other half to 
another terminal (normally, of course, these terminals 
are connected together) ; between these terminals a 
galvanometer and battery arc joined and the current 
noted, the resistance can then be found by the aid'of 
E E 

Ohm’s law C — r. R — where C — current, as 
R C 

read from galvanometer, E — voltage of battery, and 
R — the total resistance of the circuit. If the 
internal resistance of the battery is subtracted from 
this the remainder will be the earth plate resistance. 
In making the measurement it is advisable to use large 
secondary cclk, as the internal resistance of these is 
negligible. 

Strength of Received Signals 
Assuming that the detector in use, is of the thermo- 
electric type, the strength of incoming signals can be 
measured by means of a sensitive moving-coil galvano- 
meter, which should be joined in place of the tele- 
phones. As, however, the signals are usually read 
from a telephone receiver and, as we have seen in a 



MEASUREMENTS 


265 


previous chapter, the telephone is most sensitive to 
certain frd(|uencies, it will be seen that weak oscilla- 
tions of the right frequency may produce a greater 
effect in the telephone than stronger oscillations of a 
different frequency. In the majority of cases also it 
is only a comparison of the strength of signals that is 
’required, in which case the shunted telephone method 
= will be found to answer the purpose ; the procedure 
is as follows : A resistance variable in small steps 
is joined in series with a switch across the telephone 
terminals of the receiver. The operator at the sending 
station depresses his key and the observer at the 
receiving end having tuned the signals in to their 
maximum strength closes the switch and so puts the 
resistance in shunt to the telephones. Starting with 
the maximum resistance he decreases it step by step 
until the signals are just audible ; then, knowing the 
resistance of the telephones and the resistance of the 
shunt, the signal strength can be expressed as so many 
times audibility. For instance, supposing that the 
shunt resistance just equals that of the telephones, the 
current from the thermo-cell dividing as it does in 
inverse projwrtion to the resistances of the two branches 
of the circuit, it is evident that half flows through the 
telephone and half through the shunt, therefore the 
strength of signals can be expressed as 2. Now 
suppose that the shunt resistance was such tliat nine- 
tenths of the current llowfcd through it, the signal 
strength in that case would be 10. 

Energy in Aerial 

The radiation from an open oscillatory circuit \vith- 
draws energy from it just as if a resistance were 
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included in the circuit. To measure tht energy in 
such a circuit, the following procedure should be 
adopted — 

. In the aerial circuit a calibrated hot wc amp^e 
meter and two singlc-^iole double-throw switcl^ 
should be included, as in Tig. 199. An air c^mdenser;^ 
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Measurement oi cnerj^ry in aerial. 

I. OHKlcitser cH capacity to aerial. * 1 . Indnctaiiro. 3. Non-iiidiictiw 
rcsistancf!. 4 and 5. Switches. H. Hot wire ampdro meter. 7. Secondary 
of osciLlatkai traiwformcr. 

* 

having a capacity equal to thq capacity of the aerial, ’ 
and an inductance coil, having an inductance equal 
to the aerial, should be connected together in series 
and with a variable noh-inductive resistance, as in 
Fig. 199. The two switches should first be placed to 
the right so as to connect to antennae and earth and 
the current registered on ampfirc meter noted. Next, 
place the switches over to the left and vary the non- 
inductive r^istance till the same reading is obtained 
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OH the am] lore meter. With the switches in this 
position it will be seen that the ampere meter is now 
in a closed or non-radiating circuit having the same 
frequency as the aerial ^cuit, and that a resistmice; 
having an energyrahsorbing power equal to the radiar 
tiott' firona the a^bial'has been included in the circuit. 
The amount of the resistance included in the circuit 
is 'sometimes called the radiation resistance of the 
antennae, and simply means the resistance which, under 
given conditions, absorbs the same amount of energy 
as is radiated from the circuit. The energy radiated 
from the aerial cheuit can be found by multiplying 
the radiation resistance of the circuit by the mean 
square value of the current. The result so obtained 
is not quite accurate, as the aerial %vires and the 
earth connection have some resistance which is in- 
cluded in the radiation resistance when found by the 
above method ; the amount of this would have to 
be ascertained and subtracted if we wished to get an 
absolutely accurate result. 



CHAPTER XIII 

DIAGRAMS 

Their Interpretation and Preparation 

A DIAGRAM is a drawing wluch expresses the electrical 
qualities of a piece of appaiatus or of a circuit by 
means of conventional symbols. These symbols an* 
not necessarily a picture of the apparatus represented, 
though in some cases they do bear a rough resemblance 
as in the case of the symbols used to show a fuse. 
For instance if we wish to represent a cell, instead of 
drauang the containing vessel and the elements of the. 
cell, we should show it by means of the symbol 2, 
Fig. 200, the negative polo being represented by a 
short thick line and the positive pole by a longer and 
thinner line. 

If we wish to show that a number of pieces of 
apparatus are connected together, w’e connect their 
terminals by lines ; the relative sizes of the connecting 
wires can if necessary be .shown by using lines of 
different thickness. When two lines cross, but are 
not in electrical connection, one is looped over the 
other, as in 32, Fig. 200. 31, Fig. 200, indicates that 
the wires arc in electrical connection at that point. 

In the preparation of a diagram, the aim should 
always be to make it as cl6ar as possible. To this end 
the same symbol for each piece o{ apparatus should 
be used throughout. The lines connecting the various 
instruments should never be taken obliquely across 
the drawing, but always in a horizontal or vertical 
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Fig. 20a 

mp resistance te. Inductance 

II , 13. Slidinc^ inductance 

>rse key or switch 14. Variometer (continuously 

uni • wound dynamo or variable inductance) 

■notor 15. AutO'transfornier 

ernator 16. Oscillation transformer 

lary converter ^ 17. Alternating • current tram- 

ndenser (fixed capacity) former 

'iden«.er (fixed capacity) 18. Quenched spark-gap 

riable condenser 19. Spark-gap 

luctance (variable in so and sr. Fuses 

ren«^ •' 


94. Non-inductive resistance 

95. Telephone receiver 

26. Measuring instrument 

27. Carborundum detector 

28. Coherer 

29. Thermo-electric detector 

30. Kelay ^ 

31. Wires in electrical connec- 

tion 

32. Wires crossing but not 
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direction ; also, they should be so arrangctl as to keep 
; t^ie bossings at a minimum. Reference to the diagrams 
in this book will make clear what is meant. 

. The drawing ^onld be 9o arnwiged as to fairly fill 
the whole space,, this not only makes for clearness but 
improves its appeturance. 

The symbols given in Fig. 200 are those most 
commonly used to denote the various pieces of 
apparatus. p ’ 



' chapter XIV 

l®GULATIONS AND JNSTRDCTIONS FOR, SHIPS AND 
STATIONS LICRNSED'BY H.M. POSTMASTER-GENERAL 

Speed of Transmission — ^Power — ^Wave Lengths-^Obligation 
to Communicate — Priority of Messages — Calling — Pre- 
liminary Correspondence — Distress Signals — Admiralty 
Signalling— Controlling Station 

Speed of Transmission 

* 

The apparatus must be capable of trapismitting and 
receiving at least twenty words per minute. The 
speed of transmission must under normal circujnstanccs 
be not less than twelve words per minute, five letters 

counting one word. 

\ 

Power 

New installations bringing into play an energy of 
more than 50 watts shall be equipped in such a way 
that it may be possible easily to obtain several ranges 
less than the normal range, the shortest being approxi- 
mately 15 nautical miles. Installations already in 
existence bringing into play an energy of more than 
50 watts shall be transformed ns far as possible in such 
a manner as to satisfy the foregoing requirements. 
The power (measured at the terminals of the generator) 
must not in ordinary circumstances exceed 1 kilowatt. 
Larger power may be used if the ship is under necessity 
to communicate over a distance greater than 200 
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nautical miles from the nearest c»)ast stati >n, or if in 
consequence of exceptional circumstances c •mmunica- 
tion can only be secured by increase of pi wtT. 

Minimum Power to be Used 

All stations arc bound to oxchanf(e mcssupes with 
the minimum power consistent with effective com- 
munication. 

Wave-Lengths 

Two wave-lengths, one of 600 and the other of 300 
metres, are allowed for general public correspondence. 
Every coast station open to this .service must be 
cquippied in such a way as to be able to use these two 
wave-lengths, ^nc of which will be indicated as the 
normal wave-length of the station. A coast station 
is sometimes authorised to use a wave-length not 
exceeding 600 or else exceeding 1,600 metres for 
communication of a special kind. 

Stations used exclusively for the despatch of signals 
intended to determine the position of ships must not 
use wave-lengths exceeding 150 metres. Every ship 
station must be equipped in such a way as to be able 
to use the 600 and 300 metre wave-lengths, the 600 
metre being the normal wave-length, and which may 
not be exceeded in transmission.* 

During the whole time that it is open, every ship 
station must be able to receive calls made on its normal 
wave-length. Ships of small tonnage, on which it 
would be materially impossible to use a 600 metre wave 
for transmission, may be authorised to exclusively 

* Except for long-distance communication in exceptional 
circumstances, when a wave-length of 1 ,800 metres may be used . 
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employ the metre wave for the purpose, but must 
f)e able to receive by means of the 600 metre wave- 
length. 

Communication between any two stations must be 
carried out on both sides by means' of the same wave- 
length. If in a particular case communicatfion is 
diihcult they may by mutual consent change to the 
other regulation wave-length. Both* stations shall 
resume their normal wave-lengths when the exchsu^e 
of messages is finished. . ^ . 

^ . r '*/ ' ’V 

. J* , ' 

Obligation to Communicate with all Systems 

All coast stations (except those exempted by their 
respective governments) are bound%o interchange 
radio-telegrams with ships irrespective of the system 
of Radio-Telegraph’y employed. Similarly ships are' 
bound to interchange messages with coast stations 
without regard to system. * British ships at pre^nt 
are not bound to exchange messages with other ships, 
whether British or foreign, except in cases of dis^ess, 
when the obligation is universal, and such messages 
must be given priority. 

Priority of Messages 

Priority must be assigned first of all to messages of 
distress, then to merges ’of the British Admiralty 
and other British Government departments and to 
the messages of other govermnents ; then to service 
messages, and finally to ordinary correspondence. 
Or dinar y messages take precedence according to their 
time of handing in. 



j2?4 vvIreLess TELIiqitAWlV 

Calling 

As a general rule, it is the ship whicli call^ the ct>ast 
station. Generally the ship should not call until 
within 75 per cent, of the normal range of the coast 
station ; the wave-length used must be the normal 
one of the coast station with whom communication 
is desired. Siy)pose a ship whose call signal is DHB 
wishes to call a station whose call is LNS, she would 
proceed as follows : Having listened to ascertain 
that the station is not engaged the ship would signal 

— . — . — LNS LNS LNS DHB DHB 

DHB, and the coast station would reply thus : 

— DHB DHB DHB LNS — 

if she were re^y to communicate ; and if she were 
not would rop^ assig^ng a time at which she would, 

. in which case her reply would be as follows : — . — . — 

DHB DHB DHB — - : - LNS . 20 

minutes . — . — . 

If a station as the result of a thricc-repcated call 
does not reply the call may only bo renewed after 
the lapse of fifteen minutes. (This rule does not apply 
to cases of distress.) 

Preliminary Correspondence 
The ship lirst signals — 

(1) Her approximate distance from the coast station 
in nautical mdes. 

(2) The position of the ship given in a concise form 
and adapted to the circumstance of the individual 
case. 

(3) The next port at which the ship will touch. 

(4) Tlie . number of radio-telegrams if they are of 
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nunti.il or the number of words if they are of 

exceptional length^. 

Tlie spec <l of the ship in nautical miles shall be given 
at the spec ial request of the coast station. 

Distress Signal 

Ships in distress make use of the following signal : 

... ... repeated at short intervals. ’ As soon 

as a station receives the distress signal it must* sus- 
pend all correspondence and not r|sume it until it 
has made sure that the communication consequent 
on the caU for assistance has been completed. When 
a ship in distress adds, after a series of distress signals, 
the call sign of a particular station, the duty of answer- 
ing the call rests with that station aloro. Failing any 
mention of a particular station any station that receives 
the call is bound to answer it. 

Admiralty Signalling 

The signal — . . — . . — . . — indicates that a 
British man-of-war is calling a British coast station 
and has a message to transmit to the Admiralty. 
On receipt of such a signal, the station called must 
suspend all other business (except that which may 
concern a vessel in distress) in order to deal with the 
message from the man-of-war. Any other station 
(ship cn shore) must suspend working so far as may 
bo necessary to ensure satisfactory communication 
between the man-of-war and the station called. 

Controlling Station 

The shore station is in all cases the controUing 
station, and arranges order of working- 
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ABBREVIATIONS, CODES, BTC. 


List of Abbreviations to used in Uadio-Telcgr iph Trans 
missions — International Morse Code — Amcric,in Morse 
Cotte— Time Signals— Table to convert Course and 
Bearing into Degrees 

LIST OF ABBIU^IATIONS TO BE USED IN RADIO- 
TELEGRAPH TRANSMISSIONS 


AblMevfition { Question 

1 Answer or Advice 

PjRB 

'* I'r. 

Do you wish to com- 
municate with my 
Station by .m«uis 
of toe Ihtema- 
tional Code ? 

I wish to communicate 
with jrour station by 
means of the Inter> 
natioual Code. 

QRA 

QRB 

a 

What is the faame of 
^ your station ? 

How &r are you toom 
my station ? 

Tbb Station is . . . 

The distance bettwem 
our stations is . . < 
nautical miles. 

QRC 1 

; What ate your true I 
1 beatings r | 

My true Iwarings 
are . . , 

qRd I 

1 Whither are yon I 
bound ? j 

— t 

I am bound for . . < 

« 

■QRF 1 

' Where are yoa coat’ j 
ing from? 1 

1 lam coming from . . . 

1 

QRG 

1 To what company or 

1 line of navigation 

I ' do you belong? 

Hjetongto . ■. , 

♦ 
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Abbreviation ; 

Question I 

Answer or Advice 

gmi 1 

What is your wave- i 
length ? 1 

My wave-length is . « . 
metres. 

QRJ 

i 

How many words 
have you to trans- 
mit ? 

I have . . . words to 
transmit. 

QRK 1 

How are you recciv- 1 
ing ? 1 

I am receiving well. 

QRL 

Are you receiving 
badly ? Shall i 
transmit - - - — 
20 times for you 
to adjust your ap- 
paratus ? 

I am receiving badly. 
Transmit - - • . 20 

times for me to ad- 
just my apparatus. 

Hi 

Are you being inter* 
fern with ? 


• QRN 1 

Are atmospherics very 
strong ? 

Atmosf^erics are very 
strong. 

QRO. 

Shall I increase Wy 

1 power ? 

Increase your power. 

QRP 

Shall I decrease my 
power ? 

Decrease your po^ver. 

QRQ 

1 Shall 1 transmit 

1 faster ? 

Transmit faster. 

QRS 

1 Shall 1 transmit 

1 slower ? 

Transmit slower. 

QRT 

1 

i Shall I stop trans- 
f mitting ? 

1 Stop transmitting. 

QRU 

Have you anything 
for me ? 

1 I have nothing for you. 

gRv“ 

Arc you ready ? 

I I am ready. All is in 
j order- '' 
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Abbreviation | Question * | Answer or Advice 


QRW 

Are you busy ? 

I am busy with another 
station (or : with 
....), please do not 
interrupt. 

QRX 

Shall I stand by ? 

Stand by. I will call 
you at . . . o’clock 
(or : when I want 
you). 

QRY 1 What is my turn ? ] Your turn is No. . . . 

QRZ 1 Arc my signals weak ? | Your signals arc weak. 

QSA j 

1 Arc my signals | 

1 strong ? 1 

1 Your signals are 

1 strong. 

QSB 

i 

1 Is my tone bad ? i 

1 Is my spark bad ? { 

1 The tone is bad. 

1 The spark is bad. 

QSC 1 Is the spacing bad ? | TYii spacing is bad. 

QSD 

Let us compare . 
watches. My ; The time is . ; . 

time is . . . What . 
is your time ? j 

QSF j 

Are the radio-tele- ! 
grams to be trans- 
mitted alternately 
or in series ? 

Transmission will be 
j in alternate order. 

' QSG 

1 1 

Transmission wifi l>e 

1 in scries of five. 

QSH 

• 

Transmission will Ijc 
in scries of ten. 

QSJ 1 

What is the charge i 
per word for ... ? 

1 The charge |X5r word 

1 is . . . 
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Abbreviation | 

Question | 

Ai^wer or Advice 

QSK 

Is the last radio- 
telegram can- 
celled ? 

The last radio-telegram 
is cancelled. 

QSl. J 

1 Kave yoM got the | 
1 acknowledgment ? | 

1 Please give acknow- 
ledgment. 

QSM 

What is your true I 
1 course ? | 

j My true course is . . . 

QSN 

Are you communicat- I 
ing with land ? | 

1 I am not communicat- 
1 ing with land. 

QSO 

Are you in com- 
' munication with 

another station (or : 
with . . .) ? 

I am in communica- 
tion with . . . 

(through the 

medium of . . .). 

QSP 

Shall I signal to . . . 
that you are calling 
him ? 

Inform . . . that I am 
calling him. 

QSQ 

1 Am I being called 

1 by ... ? 

You are being called 
by . . . 

QSR ! 

1 Will you despatch the 1 
1 radio-telegram . . . ? 

I will forward the 
radio-telegram. 

QST 

1 Have you received a 

1 general call ? 

1 Yes (or no), general 

1 call received* 

QSU 

Plccise call me when 
you have finished 
(or : at . . . o’clock) ? 

I will call you when I 
have finished. 

QSV 

• 

Is public correspond- 
ence engaged ? 

Public correspondence 
is engaged. Do not 
interrupt. 

QSW 

h Shall I incre^e the 

1 frequency of my 
[ sparks ? 

Increase your spark 
frequency: 
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| OacntiDn \ Answer or Advice 

^ ■ 1 ■ .. . ...i - ■ 'Oi v - y ; n>- . 

Q^V I Shall I transmit with Let us change > > 
a wavelength of « . * ihetro >vave*ieitj{tiu 
metres?, -'j# 

> ‘ ^ . j'-~. 

QSX I Shall 1 diminish my { Diminish yout $p^r)c 
I spark frequency ? | frequency* 


Send each word twice; 
I have difficulty in 
receiving your signals; 



QTA 


Send each radio-tele- 
*^gram twice; I have 
difficulty in receiving 
signals (or : Repeat 
last radio-telegram ; 
reception doubtful). 


I Call for all stations 


• (T R) Signal announcing the sending of 

indications concerning a ship 
station. 


mm9> (I) ^ I Signal in< 1 icating that a station it 

I about to send with high power. 


EXAMPLES 


Station 

A QRA ? ats What is the name of your station ? 

B QRA Campania ss This Is the Campania* 

A QI^ ? 5=^ To wlu^t Company do you belong ? 

B QRG Cunard QRZ =I belong to Cunard Line. Your signals are 
wemc. 


Station A increases power of its transmitter and sends: 

A QRK ? » How are you receiving ? 

B QRK *a I am receiving well. ^ ^ 

QRBJSo ar Distance between our Stations is So nantical 

mites. 

(^RC 62 wMy I rife bearing is 62 degrees, etff* 
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MORSE CODE SIGNALS 

Lctlers » 




*-» •— 

■ 

e M «• . 
ch<— - 
d — • 
c •• 

^ 

f - - — 


1 - - 




m — 
n •— * 

n — • 

o • 
6 — • 
P - — 

q 

r • — 
s - - ' 

u • • 
0 - - 
V • • 

w • — 

X — ' 

y — 


: — ^ 

Spadng and kngih oT ttgnnls^ 

t.^ A,l^rtsequfthotbreed6t9. 

2>The space, between the 
signals which form , the 
same letter is equal to 
t dot. 

3* The space between two 
letters ^ is equal to 3 
dbts. 

4. The space between two 
words is equal to 5 
dots. 


Figures 


1 

2 

3 

4 


7 

8 

9 

o 


Itir |nd|qi«ing ^efiop — r— W ^ 
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j The following signals may also be employed to 
express figures, but Mjnly in official repetitions and 
in the preamble, and in the text of telegrams written* 
entirely in figures 

t 

I • ^ 

a • • —i. 

3 - 

4 • • - • ~ 

^ J m m m m 

7 — . - - 

8 — • - 

9 

o — 

Baf indicating fractid^n — — 


Puncluafion and other Sign% 


(.) • - 
(;) — 
(.) - - 
(:) “ 


(?) 

(!) 

(’) - ~ 

(.) 

() 


F\ill slop . • . . 

Semicolon . • • • 

Comma • « . • 

Colon . * f t , , 

Note of interrogation, or request fi>r the 
repetition of anything transmitted which 
is not understoot) «... 

Note of exclamation .... 

Apostrophe . . , . 

Hyphen or clash . . . 

Parenthesis (Ijcfore and after the words) 

Inverted commas (Ircforc and after each word) 
or each passage placed lietwecn invcrtc<l 
commas .... (“ct”) - 

Underline (Irefore and after the words or part 
of phrase) . . , . . - - — 

Call (preliminary of every rran»mission) . — - 

Double dash ( = ) (signal se|)araiing the pre- 
amble from the address, the adai^ss from 
the text, and the text from the signature) . — « 

Understood . . • . • • • • 

Error . . • • • 

Cross (end of transmission) • • 

Invitation (o transmit • • • 

Wait ..... 

** Received** siffnal / • • 


,( + ) 
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TIME SIGNALS 

Time sigi\als are sent out daily at noon and midnight 
Greenwich mean time by the German station at 
Norddcich (K.N.D.). 

Tlic signals consist of groups of dots (five dots to 
the group) sent out at seconds intervals. The order 
of signalling is as follows : — 


Preliminaiy Signals 

About II h. 53' Tuning Vs for al)out i or 2 minutes 

57' so" — - 

55" KND 

58 ' o" MGZ (mittlcrer Greenwicher Zeit 
58' 40* — - — - — 

Time S^nals 

SI h. 58' 46" First dot of first group 

50" Last ditto 

58' 56" First dot of second group 
59' o" Last ditto 

59' 6" First dot of third group 
19" ditto 
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59 ^ 

S9' ^*5 Eim dot ol fifth grou9 
, ditto.; 


i » - , 1 , 59" i^T >1rst dot of «txth gtottp 

* A. dSUo ^ 

About iy|i h, o 5^« » •*«»>>'«»» • 

, 1 ^^ 4 Sometimes fcdlowed bjf Weather reporU^ 

The tir^e-length UsM » about 1.800 met^. \ 

Table to Conbert Course- and Bearing into 
* * # Degrees 

ttue bearing of a sliip &ot)i a coast station can 
sta^d iif degrees rtiEkoned * clockwise ” from north 
rp^d through east, southland west. Thus, if the 
ship’s bearing ifom the coast station is anything 

between north and east 
" the number to be 

signalled would be 
between 0 and 90 (A, 
Fig. 201,). Similarly, 
► if it is between east and 
south the number would 
be between ^ and 180 
(B, Fig. 201). Between 
south and west the 
number would be be- 
tween 180 and 270 (C, 
Fig. 201) ; between west and north the number would 
be between 270 and 380 (D, Fig. 201). SimUarly, if 
the ship’s course is between north and east the number 
to be signalled is between 0 and 90 ; east and south, 
the number is between 90 and 180 ; south and west, 
t|ie number will be between 180 and 270 ; west and 
north, the number is between 270 and 360, 
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To facilitate the coiurersionipf healings and ^ ' 
into the naniher of degrees to be signalled, a table 
givett'^in which either the bearixig of the sldp from 
coast station or the bearing of the coast, station ^oni ' 
the ^ip can be looked rjnt and the numb^ of de^e^ 
to be signalled seen at a glance. The course must be 
looked out in the ^me column as the b«arin|; tf.the 
ship from the coast station. 

Table to Convert Bearing and Course into 
, Degrees , 


G>ursc or Bearing 
oi SYiip irom 
Cofist Station 

North 
N. 10® K. 

N. 20® E. 

30® - 
40® ~ 

50® - 

X 60® 

70® - 
80® - 
East 

S. 80® E. 

S. 70® E. 

60® - 
50® - 
40® - 
30® - 
20 ® - 
10® T 

South 
S. 10® W. 

20 ® - 
30® 

40® 

50® 

60® 

70® 

80® 

WC8t 


l^axing o( Coast 
Statidh from^Ship 

South 
S. 10® W. 

S. 20® W. 

30® . 

40® 

50® 

60® 

, 70® 

80® 

West 

N. 80® W. 

70® 

60® 

50® 

40® 

30® 

20 ® 

10 ® 

North 
N. 10® E. 

20 ® 

30® 

40® 

SO"" 

60® 

70® 

80® 

^ East 


Degrfes let be 
Signalled 



0 ® 

10 ® 

20 ® 

30® 

40® 

50® 

60® 

70® 

80® 

90® 

100 ® 

110 ® 

120 ® 

130® 

140® 

150® 

160® 

170 ® 

180 ^ 

190® 

200 ® 

210 ® 

220 ® 

230® 

240® 

250® 

260® 

270 ® 
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Course or Bcarini^ 
of Ship from 
Coast Station 


Bean «ig of Coast l)e recb (o In 
Station from Ship Sigiuillul 


N. 80* \V. 

■ — 

S. 80^ K. 



280® 

70* - 


70* 


' 

290* 

60® - 

^ 

60* 



300® 

50® - 


50® 



310* 

40* - 

- • 

40® 

— 


320® 

30* - 


30® 



330® 

20* - 


20® 



340® 

10* - 

- 

10® 



350® 

. North 

- ~ 

South 

*■ ^ ! 

- 

360® or 0 



CHAtTEk XVt 

LOCALISATION OF FAULTS 

f HE faults which may occur in the circuits of a wireless 
transmitter or receiver fall mainly under two heads : 
breaks or short-circuits. 

As regards the transmitter, the indications as to the 
nature and whereabouts of the fault are so clear no 
difficulty should be experienced in quickly tracing and 
rectifying them. The indications on the receiver are 
not so clear, but if the circuits are examined in a 
systematic way no difficulty should be found in 
ascertaining what is the matter. 

The tact that the Marconi 1|- kw. set is in such 
general use practically, and also for examination pur- 
poses, has induced us to select it as an example for 
treatment, though much of what follows is of perfectly 
general application. 

The transmitter of this set consists of five circuits — 
namely, the direct-current circuit, low tension alter- 
nating-current circuit, high tension alternating-current 
circuit, closed oscillatory circuit and open oscillatory 
circuit ; each of which we shall treat separately and in 
the order named. 

Direct-Current Circuit 

This circuit consists of D.C. side of rotary converter, 
starting switch and field regulating resistance, con- 
nected together, as shown in Figs. 61 and 66. Let us 
suppose that the main switch having been closed and 
the handle of starter brought to first stop the machine 
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fails to start, this may be due tu a break feii her in the 
field or armature circuits. If the breRjc (most probably 
due to the lifting of brushes on commutator) is in, the 
armature circuit it will be indicate^,by flie ^uard tamp 
on D.C. side of converter lightifig Irngfitly, becaugp.the 
full voltage the direct-current supply Jb now across 
its terminals. Normally, this until 

the machine has acquired CQnsidanW;Up^** ! 

If the break is in the field drcuit it Indicated 
by tfie inability of the no-load release, wlfil^oims part 
of the field circuit, to attract and hcfid a piece of 
iron — ^for instance, a latchkey, or blade of^ poiicnife — 
applied to its poles. A break in the field circuit is also 
indicated by the vicious arcing which takes place be- 
tween the arm of starting switch and first-contact piece 
of starter, when the former is allowed to move back to 
the off position. The break is most likely due to a 
terminal disconnection, and the two terminals cm the 
field resistance, the two terminals beneath the no-load 
release, the terminal marked F on the starting switcli 
and thcv field terminal on the rotary converter, -should 
therefore be examined. If these are found to be all 
r^ht, each piece of apparatus in the circuit and each 
lead, should be tested for continuity by means of the 
galvanometer and cell. 

Low Tension Alternating-Current Circuit 

If after the machine started the pilot lamp and 
A.C. guard lamp fail to light, this is a clear indication 
either that the filaments of the lamps are broken, the 
A.C. brushes kre lifted from the slip-rings, or that the 
leads |;onnecting them have been disconnected or 
broken. 
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If (the ])ilot lamp being alight) there is no reading on 
the ampere meter and no spark when the Morse key is 
depressed, this ipdicateS'that there is a break in the 
circuit probably due to a blown fuse or to a terminal 
•(Usconnection, ' Tbe bteak should be located by means 
of the galvanometer and cell and is most conveniently 
done hn^^ thb following' way. First test between upper 
right-hand contact of double-pole switch on A.C. switch- 
board and-bottom teiminal of right-hand fuse ; a deflec-’ 
tion wUltndicate that the circuit through the ampdre 
meter and fuse is*all right. Next test between left-hand 
upper contact of D.P. switch and bottom terminal of 
left-hand fuse ; a deflection will indicate that this 
section of the circuit is all right. The leads from the 
galvanometer and cell should now be connected to the 
bottom fuse terminals, and first the Morse key and then 
the magnetic key depressed ; if a deflection is obtained 
on the depression of one key, but not on the other, it 
will indicate that the contacts of the key failing to give 
a deflection are dirty or that some instating material 
has been introduced between them. If a deflection 
cannot be obtained by the depression of either key it 
indicates either that both sets of contacts are dirty or 
that there is a break or disconnection in the section of 
the circuit between the two bottom terminals of A.C. 
switchboard. Examine aU terminal connections and 
if necessary test each piece of apparatus and lead 
separately with galvanometer. 

High Tension Alternating-Current Circuit 

The amp^e meter, although not in this circuit, will 
again be found serviceable in indicating the existence 
and nature of faults. If, on closing the Morse key, the 

1»-(S0M) 
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mai^ine of courso being in motion, only u very ^all 
reading is obtained on ampere meter (1 or 2 amp.), 
and no spark at discharger, the fault indicated is that 
no load is being taken from the secondary of the alter- 
nating-current transformer, which may be duo either to 
a break in the connecting leads or in the secondary 
^ windings of the transformer, or more probably to a 
terminal disconnection. See that the secondary ter- 
minals are correctly connected to each other, and 
through air core chokes to the spark-gap. The rvuson 
that »)nly a small reading is obtained on ampere meter 
when no load is taken from the secondary of the trans- 
former is tliat the primary windings are acting in the 
same way as the reactance regulator and reducing the 
current in the circuit. A'short circuit on the transformer 
will be indicated by a reading equal to or somcwliat in 
excess of the normal reading and by the absence of a 
spark at the discharger. The short may be due to the 
spark-gap being closed or to a metallic connection being 
formed by tlie coming together of the connecting strips 
owing to the removal of the insulating material normally 
between them or to the short-circuiting of the condenser 
in the closed circuit. 

ClOSKD OsCILLATOKV ClKCl.OT 
A break in the closed oscillatory circuit will be in- 
dicated by a silent discharge at the spark-gap, the 
ampere meter reading being about normal. 

Open Oscillatory Circuit 
The most vulnerable part of this circuit is the 
aerial, the insulation of which may be bad, or the 
aerial itself, or some portion of it, may be blown 
adrift during a gale ; in cither case failure of tuning 
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lamp to give nonnal indication will show that some- 
thing is wrong. A direct earth, as, for instance, when 
the antennae is in contact with the mast or guys of 
the ship, may be tested for by disconnecting the earth 
wire and inserting galvanometer and cell, a deflection 
indicating that the aerial is making earth. 

In carrying out these tests the short-circuiting plug 
of the ampere meter must be removed, and care should* 
be taken that the galvanometer is in good working 
order. 

For the convenience of students the indications 
of the various faults on the transmitter have been 
tabulated, and should be committed to memory. 

Faults on Transmitter Marconi Kw. Set 
Emergency Trans.mitter 


Symptoms. 

Fault 

Indicated. 

Cure. 

Machine fails to start, D.C. 
guard lamp lights brightly . 

[Brushes on D.C. 

\ side of con- , 
vertcr lifted. 

Replace. 

Machine fails to start. Flash 
between arm ol starting 
switch and lirst stop when 
handle released. 

Break in 
circuit. 

field 

! 

Examine all ter- 
minal connec- 
tions and test 
apparatus and 
leads with 
galvanometer, 
if necessary. 

Filot lamp on A.C. switch- 
board alight, no spark at 
discharger and no reading 
on ampere meter when ! 
Morse key depressed. 

preak in 
tension 
circuit. 

r 

low- 

A.C. 

1 

Trace with gal- 
vanometer and 
repair. 

Pilot lamp alight, small read* 
ing on ampdre meter when 
Morse key closed. 

Break on high- 
tension A.C. 
circuit. 

Examine term- 
inal connec- 
tions and leads. 
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Symptoms. [ , Fault ! Cure. 

; Indicated. 

Pilot lamp alight, normal j Short on second- Trace and re- 
reading on ampere meter, ary of A,C. move, 
spark at discharger when transfomu't. 

Morse key closed. 


Pilot l^mp alight, normal Break in closed ^ £.\ainine term- 
^ reading on ampere meter, oscillatory ■ inal connec- 

.silent discharge at spark circuit. tions. 

! 

Note. — S hort-circuiting plug of ampdremetpr must be 
removed when carrying out these tests. 

Faults in the accumulators have already been dealt 
with in Chapter II, and the circuits of the coil and 
switchboard can be tested for continuity by means 
of the galvanometer and cell. Reference to the 
diagrams in Chapter VI will show the points between 
which to test. 

The Receiver 

As we have already seen in Chapter V, the produc- 
tion of a sound in the telephones when the buzzer key 
is depressed is no guarantee that the receiving circuits 
are all right, and that signals emanating from a distant 
station could be received. The second buzzer test 
described in Chapter V should therefore be applied. 
A fault which not infrequently occurs is the short- 
circuiting of the earth-arrester spark-gap due to thje 
plates coming into contact or to the bridging of the 
gaps by particles of conducting matter. 

A convenient way of testing for a shorted earths 
arrester is to set the aerial tuning condenser at short 
(the change-over switch being on the standby position), 
and then if no sound i» produced in the telephones by 
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the buzzer when aerial tuning inductance is at zero, 
but a sound is produced when some of Ihe inductance 
is inserted, the operator may be sure that the micro- 
meter gap is screwed down or the earth-aurester gap 
shorted. . The reason for this will be quite plain after 
a few minutes’ study of the conditions .prevailing. If 
(the condenser being at short and the inductaiifce at 
zero) the earth-arrester gap is shorted we have ifi 
parallel with the primary winding of the magnetic 
detector an alternative path for the oscillatory currents 
set up by the buzzer having a much lower inductance 
than that of the detector primary. 

The oscillatory currents will divide in inVerse pro- 
portion to the inductances of the paths, therefore they 
will be shunted out from the primary winding of the 
detecter by the low self-inductive shunt which is across 
it. When some of the aerial tuning inductance is 
inserted the conditions are altered, and the inductance 
of the shunt is now greater than that of the primary 
winding, therefore the greater part of the oscillatory 
current passes through it and a sound is produced in 
the telephone receiver. 

The Magnf.tic Detector 

The faults most likely to occur arc the breaking of 
one or other of the windings. The break may be 
located by means of the galvahometer and cell, and if 
it is not convenient to repair or substitute a fresh coil 
the operator should change over to the second set of 
coils on the detector. 

The Telephones 

The telephones are best tested by means of the 
galvanometer and cell. If a deflection is obtained but 
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no sound is produced this indicates either that the 
diaphragms are jammed or that the magnet windings 
are short-circuited. Examine each receiver to see tliat 
the diaphragms are clear of the magnet poles, after 
which detach the wires from the telephone terminals 
and test again each earpiece separately. If a sound 
is nt)w produced the short circuit is in the flexible cords 
' and others should be substituted. If no deflection is 
obtained on the galYatu)metcT, and no sound produced, 
this indicates a break in the leads or in the winding of 
one of the phones. Test each earpiet;e separately and 
if only one of them is broken down working can be 
carried 6n by putting both leads on the damaged ear- 
piece on one terminal. The operator should be careful 
to note that the contacts which short-circuit the tele- 
phones when transmitting do not remain closed when 
the Morse key is lifted. 
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tA^rial* That part of a radio-telegraph installation the function 
of which is to radiate, or to absorb, the energy of clectro-magnetic 
waves. It consists essentially of one or more conductors some 
portion of which must be in a vertical position. 

Aerialy Plain. An open, or good radiating circuit, in which the 
oscillations are directly excited. It may consist of a single vertical 
conductor. 

Alternating Current. A current which varies periodically in 
nia^mlude and dvrccUon. * 

Alternator. A dynrmo electric machine, used for the production 
of altornaling currents. 

Anipdro. The unit of current, one coulomb per second. 

Amplltudo. The amplitude of an alternating current, or alternat- 
ing voltage, is the maximum value jattained during any half-cycle. 

Angle of Lag. The number of degrees through which the armature 
of an alternator rotates, between the attainment of maximum volts 
and maximum amptVes. (The time taken for I cycle being = 360^.) 

Aporiodie Circuit. A non -oscillatory, or dead-beat circuit, due 
to the resistance of the circuit being great. 

Arc. A luminous discharge through a gas, the conductivity of 
which is chielly dependent on particles torn Irom one or both of the 
electrodes. 

Asynchronous. A tenu applied to A.C. Motors, in which there 
is noVelation between the speed of the armature and the frequency 
of the alternating current driving it. ^Uso applied to a rotary 
s^xirk gap, in wiiich there is no time relation between the spark 
find the phase of the alternating voltage, as, for instance, when the 
gap is rotated by a separate motor. 

Audibility. The strength of the signals on a wireless receiver can 
be expressed as so many times audibility. 

Auttio-Frcqucncy. Alternating currents having a frequency 
within the limits of audibility (less than 20,00i) cycles per second). 
Folumb. rhe unit of electrical quantity (ampere second). 

Auto-transformer. A transformer having a single coil, part of 
which is common to two circuits. 

Battery. Two or more cells, either primary, or secondary, con- 
nected in series or in parallel with each other. .Mso applied to two 
or more conilensers connected to each other. A single cell is 
sometimes, though incorrectly^ described as a battery. 

Blllifarad. A unit of capacity equal to one tliousand millionth 
of a farad. 

Bloeking Switeh. A switch, sometimes used on a wireless in.stal- 
lation, which automatically breaks the power circuit of the 
transmitter, when the receiver is connected to the aerial. 

Bradfiold Insulator. A form of leading insulator, much used by 
the Maiconi Company. 

Brushes. The brushes on a dynamo or motor, consist of small 
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blocks of carbon, or slri|>s of foldcil copiier 'Jiiey aru held 

in elastic contact, with the commutator or slip rings of t he machmo. 
their purpose is to eflect and maintain electrical connection between 
the Bx&fi and moWrig parts of the circuit. ' ^ 

Bnwb DiseJiarge, A iunmious brush-tike disebarge^Kwhich 
sometimes occurs when a i onductor is charged to a very IttghvtHtage^ 

Bauer, Sparking# A small electrckmagnetic make and break, 
(similar to a trembler bell) used in wireless telegraphy^ to prodtsee ^ 
oscillation of small amplitutie for testing or measuring pnrpoau, 

Bauer, Shnnted. In Construction, the same as sssparking bnaaer. 
except that it has a nondnductivc resistance connected across Its 
coils, to eliminate the sparking at the contact breaker. 

Capacity Eleetro-gtaUe, AbUity to store energy in the farm of 
an electro-static strain. 

Change-over Switch# A switch designed to effect the speedy 
transference of a piece of apparatus, from one circuit to another. 

Charaeteristie Carve. Genc^rally. a curve showing the relation 
between cause and effect / when the cause is varied. The character- 
istic curve of a cjystal shows the relation between applied volts 
and the current jpa^ng through the crystal. 

dreidt, Electric. An electric circuit is tlie path followed by a 
current of electricity. In the case of a direct and conttmious 
current it must of necessity consist of a conijdeteJy closed path 
of conducting material. In the case of an alternating current it 
may consist in part of an insulator, as, for instance, the dielectric 
of a condenser. 

Commutator# A device for changing the direction of a current. 

Condenser# An anrangenient of cpndiiciors and insulators. . 
capable of storing energy in the form of an electro-static strain. 

Conduftivlty# The conductivity of a material is the property 
by virtue of which it permits a current of electricity to flow through 
it. The conductivity of a conductor is equal to the reciprocal of 
its resistance. The unit of conductivity is the Mho. Example: if the 
resistance of a conductor is 10 ohms, its conductivity is Mho. 

Continuous Current# A direct current, which does not sensibly 
vary in strength. 

Cosine# The cosine of an angle is the ratio betw'ccn two ^idcs of 
a right-angled triangle, the base AB being the numerator and the 

AH 

hypotenuse. AC the denominator. -~=» cosine of angle. 

* Av. 
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, l^aloiiib* Ihe unit of electrical quantity (ampere second). 

IXliipiitig* Circuits arc said to be coupled when they are so 
coniiccletl, or placed in respect to one another, that a transference 
of dnergy is ejected. 

Dtmpiilf of Oscillations. Decay in amplitude, due to the using 
up or withdrawal of energy from the circuit. Chief sources of 
damj^ing in oscillatory circuits are resistance dl conductors forming 
arcuit, spack resistance, radiation from the circuit, and dielectric 
hysteresis of condenser. 

Detector* P<^rt of the receiving aj[>paratus which converts 

the received high-frequency currents into low-frequency currents 
or impulses callable of actuating a telephone receiver, or, alterna- * 
tivcly, actuating a relay which closes a local Circuit containing the 
indicating or recording device. 

Dielectric* The insulating medium between the plates of a 
I ondenser. 

Dielectric Constant* The dielectric constant of a material is 
a number, denoting how many times the capacity of a condenser 
IS int reased by its use, when substituted for air. The diclectic 
constant of air is 1. 

Direct Current* A current which flows in one direction only. 

Dynamo* A machine use<l for converting mechanical energy 
into elect ru al energy. It consists essentially of a powerful electro- 
magnet. termed the field-magnet, between the poles of which a 
sy.stcm of conductors known as the armature conductors is caused 
to rotate. An E.M.F. is produced in the rotating conductors by 
clectro-magnetic induction. As this E.M.F. Is of an alternating 
nature, a commutator is provided to keep the polarity, as regards 
the External part of the circuit, constant. 

Earth* In wireless telegraphy the earth is utilized as one plate 
of the condenser in the open, or radiating, circuit. On a land station 
the connection is made by burying in the earth a system of 
conductors: on a ship station, by connecting to the side of the vessel. 

Earth Arrester Spark Gap* A spark gap inserted in the base of 
the aerial, anti across which the tuner is connected. Its purpose 
IS to automatically throw the receiver into circuit, immediately 
the Morse key is opened. 

'Eddy €urroilt* An eddy current is an induced current in a solid 
mass of metal, as, for instance, the core of a transformer. They 
can be prevented by the lamination of the core. Ihis breaks up 
the circuit in which they would flow. 

Electrolyte* Any liquid which is ilecomposed by the passage of 
an electric current through it. In a cell, the exciting fluid. 

Electromotive Force. The force which moves, or tends to move, 
electricity. Unit, the volt. 

Farad* The unit of electrostatic capacity. A condenser has 
a capacity of one farad, when one coulomb of electricity produces 
a difference of potential of one volt at the terminals. 

Field Regulator* A variable resistance forming part of the fleld 
circuit of a motor or a dynamo. Its purpose in the case of a motor 

19a— (5092) 
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(DX.) is to regulate the speed ol the armature. As resistance is 
inserted in the held the speed of the armature is increased. The 
purpose in the case of a dynamo is to regulate voltage. As the 
resistance is inserted the vol^gc is reduced. , 
ftreqoeney of Alliiiiator* The frequency of an alternating current 
dynamo denotes the number of complete cycles of alternating current 
ivhich it produces* per second. Fr^uency —revs, per second x 
number of pairs of field-magnet poles. ’ , 

iV^neaey, Nalurah The natural frequency of an oscillatory 
circuit is the frequency determined by its own capacity and 
^ 5033XIO* 

nductance. N« y^zr- ; C In mfds., L in cms. 

Fre^ueaejy Naiaralt of Aerial. The natural Ir^uoncy of an 
aerial is the frequency determined by its own capacity with respect 
to earth» and by its own inductance. 

FttSe. A sdiort length of wire, the material of which and the gauge 
ol which are so chosen that it will melt and break the circuit of which 
it forms part, if the normal working current is much exceeded. 
It^urpose is to protect the circuit from dangerously high currents. 

Guard Lamps. An electric lamp having a filament of low self- 
inductance. The lamp is connected directly across the terminals 
of the alternator and shunts out any high frequency currents wtuch 
may be set up in the leads, owing to the proximity of the powerful 
high-frequency circuits of the transmitter. 

Henry. The henry is the unit of inductance. 

Impeaanee. The sum total of all the forc^ opposing tho flow 

2nNL- ) 

2wNK/ 


of an alternating current. Impedance 


cnc lorccs op 

ce*yR*+(s 


When R« ohmic resistance. L the inductance. N the frequency, and 
K the capacity of the circuit. 

ImMdance Coil. See Reactance Regulator. 

Inuuetanee. The inertia property of a conductor, or the property 
which resists changes in the strength of the current flowing through 
it. It may also be defined as the property of a conductor by virtue 
of which energy, in the form of a magnetic field, can be stored or 
associate with it. Ilie unit of inductance is the henry. A con- 
ductor has unit inductance if a current, varying at the rate of one 
ampdre per second, induces at its terminals a dUScrcnce of potential 
of one volt. 

tadactlon Coil. An apparatus for transforming an intermittent 
current of low voltage mto high voltage impulses. 

Jigger. An oscillation transformer. 

Joule. The unit of electrical energy. 

KOowatt. A unit of power equal to one thousand watts. 

Logarithm. The logarithm oi a number is the power to which 
the base of the system of logarithms must be raised to produce the 
given number. ‘The base of the common logarithms is 10. The 
logarithm of 100 is, therefore, two, as 10, the base of the logarithms, 



GLOSSARY 


must be syuartvj (10*) to produce the number 100. The base of 
the Nap^an system of logarithms is 2-71828. 

nagnetfe Deteetor. An instrument ior converting the received 
aign^irequency currents into currents "of loy frequency, capable of 
actuating a telephone receiver. It depends for its action on the 
aomty to annul the hysterlsis oi iron. 

. Magnetic rirtd. The space in and around a magnet or current- 
carrying conductor, permeated by lines of maj^etic force. 

Magnetle Key, A device which automatically maintains the 
continuity of an alternating current circuit, till the current is at 
or near zero value, and to prevent sparking at the contacts of the 
Morse key or switch. 

MhOu The unit of conductivity. See Conductivity. 

Microfarad. A unit of capacity equal to one-millionth of a farad. 

Micro-lfenry. One millionth of a henry. 

Micrometer Spark Gap. A finely adjustable gap connected 
between the Aerial and Earth terminals of a tuner. Its purpose 
is to protect the tuner from suddenly applied high voltages. 

Milli-Microfarad. See Billi-Farad. 

Milli-Henry. One-thousandth of a henry. 

Morse Key. A form of switch designed to facilitate the closing 
and opening of a circuit, in accordance with the Morse code, with 
the maximum speed and the minimum expehditure of energy. 

Motor* An electric motor is a machine for converting electrical 
energy into mechanical energy. In construction it is the same 
as the dynamo. 

Motor Generator. See Rotary Transformer. In wireless tele- 
graphy the usual purpose of a motor generator is to convert a direct 
current into an alternative current. 

Motor Starting Switch for D.C* Machine. A variable resistance 
placed in scries with the armature of the machine. Its purpose is 
to keep the current passing through the armature at a safe value 
till such time as the rotation of the armature has produced a back 
electromotive force of sufficient magnitude for it to be dispensed 
with. As the back E.M.F. grows the resistance is cut out of circuit. 

Multiple Tuning Switch. A number of switches mechanically 
coupled together, which is simultaneously varying the capacity 
or the inductance, of the circuits of a tuner, extend its wave-length 
range. 

No-Volt Roleaso* A small electro-magnet, the winding of which 
forms part of the field circuit of a D.C. motor, and holds the arm 
of the starting switch in position! Its purpose is to automatically 
cut the machine out of circuit, should the power supply fail, or the 
field circuit break. 

Ohm. The unit of resistance. 

OscittatOTy Gfarcuit. A circuit having capacity and inductance 
in series, the resistance being very small. 

Oscillatory Oreait Closed. A circuit having capacity and induct- 
ance in series (the resistance being very small), the plates of the 
condenser being close together. An oscillatory circuit in which the 
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capacity and inductance arc concentrated. Such a ci i uit is |»t«icti- 
cally a non-radiator. 

Oscillatory Circuit Open* An osciUat<»ry circuit which the 
ca|)acity and inductance are distributed, as' for instate e, the aerial 
circuit of a wireless transmitter, in which the comlonser plates are 
the aerial wires and the earth. Such a circuit is a good radiator. 

OselUatlon Transformer. An apparatus by means of which energy, 
is transferred from one oscillatory circuit to another. 

Over-Load Keleaee. An electro-magnet the coil of which forms 
part of the supply circuit of a D.C. motor. Its purpose is to cut 
the machine out of circuit should the machine be overloaded. It 
does this by short circuiting the coils of the No- Volt Release. 

Pormoaliuityy Magnoile. The ratio lM>tween the number of lines 
of force per square ccDtimeter produced by a given magncti«^g 
force in a given matcriah and the number of lines of force produced 
by the same magnetising force, per sipiare centimeter, in air. 

Symbolised by the Greek letter /i. "“IJ- H — density of magnetic 

lines of force in iron or other material. II equals density of lines 
of force in air. 

Phase, 'fhe phase of an alternating current is the stage of the 
cycle reached at any particular time. 

Phase Dilferenfe. H the volts ami amperes in an alternating 
circuit attain their maximum values at different times, they are said 
to be out of step or phase with each other. 

Plinf Lamp. An electric lamp, usually mounted on the switch- 
board ana connec ted directly across the main Ic'mls from the dynaiuo. 
Its purpose is to indicate whether the mat bine is running and 
generating correct voltage. 

Plain Aerial TransmiUer. A transmitter in which the oscillations 
arc generated in, and radiated from, one and the same urcuit.s. 

Polarisation of Oil. A cell is sai<] to be ]>olarised when by reason 
of the deposition of gases on the elements, its action is stopped. 
The gases largely increase the resistance of the cell, and also produce 
a back E.M.F. 

Poles of OH. In a primary cell, that part of the positive plate, 
or element which is above the surface of the electrolyte, is termed 
the negative pole, that part of the negative jilatc which is above 
the surface of the electrolyte is termed the positive polo. In a 
secondary cell, the positive pole is the upper portion of the positive 
plate and the negative |K)Ie. the upper portion of the negative plate. 

Poles, Magnetle. The points, at or near the ends of a magnet, 
where the attractive force i.s greatest. 

Potentiometer. A variable resistance, chiefly used in wireless 
telegraphy, to adjust the voltage appliccl to a detector. 

Power Faetor. The power factor oi an A.C. circuit is equal to 
the cosine of the angle of lag. The cosine of the angle 90 O. Cosine 
of the angle 0-1. 

Radio Freqnency. An alternating current whoso frequency is 
above the limit of audibility (above 20,000 per second). 
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1 hat pari of the total opposing force in an alternating 
curu-nt cin nit, due to inductance, or capacity. The inductive 
reactance e<|uaJs 27rNL ; the latter, which is termed the capacity 

reactance, * QuaJs ^ 

ZttNK 

Reaetanee Bagulator. An iron-cored variable inductance formings 
p^t of an A.C. circuit. The purpose is to vary the power in the 
circuit. On a wireless transmitter this piece of apparatus is some- 
tin^s called the Low-^equency Tuning Inductance. 

Beeiproeal* The reciprocal of a number is unity, divided by the 
number. As an example the reciprocal of 2 is J, the reciprocal of 
3 is 

An apparatus for converting alternating current intoi 
unidirectional impulses. 

Besbtanee, Iligh-Freqaeney. The resistance offered by a cou- 
ductor to high-frequency currents. H.F. resistance is greater 
than low-frequency resistance, or the resistance to direct currents. 
7'he reason being that as the. frequency is increased, the interior ■ 
parts of the wire are less and less utilized for the conduction of the 
current. When the frequency is very high only the surface of the 
conductor is used. 

Besonanee* Identity of frequency. A number of circuits are in 
resonance when their Ircquencies arc equal. 

Shunt* Generally , when one conductor is connected in parallel 
with another, it is said to be in shunt w'ith it. A shunt, on a galvano- 
meter, or ainpdre meter, consists of a conductor of low resistance 
connected in parallel with the working part of the instrument. The 
purpose is to divert all but a small known fraction of the current. 
.\ .shunt wound dynamo, or motor, is one having its field winding 
connected in parallel with its armature winding. 

Sine* The sine of an angle is the ratio between tw'o sides of a 
right-angled triangle, the side BC being the numerator, and the 
hypotenuse AC the denominator. 

Spark Froqueney* Number of sparks per second. On a trans- 
mitter u.sing a fixed gap, the spark frequency equals twice the 
frequency of the alternating voltage. With a rotary gap, the spmk 
frequency is determined by the number of studs on the rotating 
disc. 


Spark Gap or Discharger. A gap made in the primary oscillatory 
circuit of a wireless transmitter to permit the condenser to charge 
and to automatically discharge it when maximum voltage is reached. 

Tangent* The tangent of an angle is the ratio between the sides 
of a right-angled triangle, the side BC being the numerator and the 

BC 

side AB the denominator. Tangent of angle Oas-rrg. 


Telephone Receiver* A polarised electro-magnet, havingi a soft 
iron diaphragm facing its pole pieces. Its purpose in wireless 
telegraphy is to make evident the presence of oscillatory currents 
in the circuits of the receiver. 
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Traashirmurt Rotary. a tlynani(», driven by a motor, to which 
it is as a rule directly coupled. It may consist of a I).C. motor, 
driving a D.C. dynamo of lower or ot higher voltage, in which c ase 
the <lircct voltage is stripj^nl down or up as the ease may he. U 
may consist of a D.C. tnotor driving an A.C. dynamo, in which case 
the direct current is transformed into an alternating ciirroiit. or it 
may consist of an A.C. motor. tJriving a D.C. dynamo, in which ca.se 
the A.C. is transformed into D.C. 

Transfortuer (Static). An apparatus without moving parts, the 
purpose ot which is to step up. or to step domi, the voltage of an 
alternating current. It consists of two windings wound upon a 
laminated soft iron core which may either of the open or the 
closed variety. A step-up transformer has more turns on its secomi- 
ary than on its primary. A .step-down transformer has more 
turns on its primary than on its secondary. I'hc primary and 
'secondary voltages are in tlie .same ratio as the number of turns oa 
the windings. 

Tuner. An as.semblage of inductances and comlensers, so con- 
nected and arranged, as to enable selci tive reception to be carrietl 
on, usually over a large range of wave-lengths. 

Tuning Lamp. A small camllc-power electric lamp, connected 
across a suitable length of the aerial. Its purpo.se is to indicate 
by its brilliancy the attainment of resonance b(‘tweon the open and 
closed o^cillatorv urcuits of the transmitter. 

Volt. The unit of electro-motive force. Ihc E.M.F. which pro- 
duces a current of one ampere when acting through a resistance of 
one ohm. 

Watt. The unit of elettrical powt*r equal to the product of volts 
and amperes. 

W'ave-lPlIgth. The di.stance between two points in the medium 

X X L . Vehxitv 

next adjacent m the same phase. Wave-length-.;, - 

^ ^ ” Frequency 

Wave-leiiathy Natural. Ihe wave-length produced by the natural 
frequency. 

Wavo*31eter. An oscillatory circuit, whose capacity or inductance 
IS variable, and is calibrated to read wave-lcngtlis. A detector, or 
indicating device of .some kind, is connected to the circuit, to indicate 
the attainment of resonance. 

Wave Motion. A mo ion periodic in time and .space. 

Wave Train Fronucncy. Tlie niimber of trains of waves per .second. 
One discharge of the condcns<;r on a spark tran.srnitter produces one 
train of waves; wave-train fn^^quency and spark frequency are 
therefore equal. 

X^8. A term denoting interference due to atmo.spheric 
disturbances. 
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